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PREFACE. 



The increased attention, which has of late 
years been given to Chemistry in this country, has 
caused the production of several excellent works 
on Qualitative Analysis. The majority of these 
works have, however, been found better adapted 
for the advanced student than for the beginner. 
To supply the latter with a suitable elementary 
work is the object aimed at in the present Treatise. 

The Author having had ample opportunities, for 
some years past, of ascertaining the difficulties 
which oppose the student's progress in the study 
of Analysis, has endeavoured in the present little 
work to obviate these, as much as possible, by 
simplifying the course of study. The peculiar 
arrangement adopted, whilst simplifying the study 
of this particular branch of Chemical Science, will 
afford the student the means of increasing his 
knowledge of General Chemistiy. 

Although the work professes to be a mere in- 
troduction to the study of Analysis, several new 
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processes have been described, when they appeared 
to be an improvement on those usually employed. 
Thus, a new method is given for the detection of 
Magnesia, and its separation from the fixed Alkalies. 
The separation of Phosphoric and Oxalic Acids from 
the Alkaline Earths, is rendered easier or more 
secure to the impractised student, by the new 
process here recommended ; and the determination 
of Tin and Antimony is faciUtated by a modi- 
fication of the process usually adopted. But in 
improving processes, which appeared to be de- 
fective, the Author has not forgotten that the main 
object of the work is to present to the Student a 
simple Introduction to Qualitative Analysis. 



QuEENWooD College ; 
October, 1850. 
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QUALITATIVE ANALYSIS. 



INTRODUCTION. 



It has been discovered, by the aid of Chemical Science, 
that aU the material matter of the globe is made up of a certain 
number of simple bodies, which, being incapable of being divided 
into two or more parts, are called elements. The number of 
these elementary substances amounts at the present time to 
about sixty, but it is not improbable that many of them will, as 
the science progresses, be resolved' into more simple forms. 

The breaking up of compound substances into their elements 
is called Analysis, and this is divided into two kinds — 
Qualitative and Quantitative. By the first we ascertain 
the simple bodies in a compound, and by the second we estimate 
their respective quantities. It is evident that the study of the 
former must always precede that of the latter, because it is 
absolutely necessaiy to know what substances are present in a 
compound, before an attempt can be made to estimate their 
quantities. 

It is seldom that the reduction of compounds into their 
uUimaie elements, is resorted to in Qualitative Analysis. More 
frequently the proximate elements are made to combine with 
other substances, producing appearances which distinguish them 
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2 INTEODUCTION. 

from all other bodies. Thus, the proximate elements of sulphate 
of potash are sulphuric add and potash; the presence of the 
former is ascertained by adding chloride of .barium, which pro- 
duces a precipitate insoluble in all acids, whilst the potash is 
detected by forming with tartaric acid a white crystalline 
powder. 

Chloride of barium and tartaric acid are types of a class of 
substances employed for the detection of other bodies. These 
substances are distinguished by the term Tests or Ee agents, 
whilst the phenomena produced by them are termed Reactions. 

The processes employed in Qualitative Analysis are exceed- 
ingly simple, and do not require much apparatus for their 
execution. The small amount actually requisite is described in 
the following list, and may be procured in the shops of operative 
chemists. 

1 g- doz. test-tubes. 3 small glass funnels. 
Test-tube stand. 2 porcelain crucibles. 

2 small evaporating dishes. \ lb. glass tubing. 
Washing bottle. \ lb. glass rod. 
Spirit-lamp. Small mortar and pestle. 
2 watch-glasses. 1 quire filtering paper. 
Eat-tail and triangular file. Crucible tongs. 

2 iron spoons. Brass blowpipe. 

Platinum wire and foil. Tube cleaner. 

Sulphuretted hydrogen apparatus. 
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CHAPTER I. 

OPERATIONS. 

The following are the principal operations occuiring in 
Qualitatwe Arudym. 

1. Solution. 

Many solid bodies, when placed in contact with a liquid, 
possess the property of becoming thoroughly incorporated with 
it, by passing into the fluid state. This change is expressed by 
the term solution, and the liquid in which the solid dissolves is 
called the solvent. 

Solutions are of two kinds, simple and chemical. A simple or 
mechanical solution, is the mere dissolving of a solid in a liquid, 
no chemical change occurring in either ; on the removal, there- 
fore, of the liquid by evaporation, the solid is obtained in its 
original condition. Common salt dissolved in water affords an 
illustration of a simple solution. 

In a chemical solution the solid and fluid combine together, 
forming an entirely new substance, from which the original solid 
and fluid can no longer be extracted by mere mechanical opera- 
tions. Chalk dissolved in hydrochloric acid affords an example 
of a chemical solution. 

The solution is said to be saturated, when the solvent is inca- 
pable of dissolving any more of the solid. 

The solution of a solid is always much facilitated by its being 
in a fine state of division, and the application of heat generally 
accelerates it. 

The process of solution is conducted either in evaporating 
dishes or test-tubes. The latter are generally employed when 
the quantity of the solid operated upon is small. 



i. PTttCTFTEATrO^f. 

?:i^>itacum is the cnnvessioa of a soinbie into an. inaKynble 
wJM fr.h^;au*^ which bein^ gi;nerallv apecmcaDy besvior than 
*h^ «ir?r>Qn/iine i^iniii ^lls down. Occaaonailv. howevczL it b 
i;r%*>^. ^uul fU)au iDon. the snz&ce. In both cases the iDadnlife 
wiNvTAiuK is «*ailed the prKipitate, and the sobstanoe pEodDdng 
^h« •^rvirAVa.'Xiti \» xenned the precipUami. 

Vr9^*r,\xsa^^ aie daMided, according to their appeoiaiices^ into 
'Ti'yf^llni^, pvilvemknt, floccnlent, cmdj, and gdannoua^ The 
•^rvoM tmrhid and twrhidiiy are applied when the prrapitate is ao 
muiU that tt eaximrt be distingiiiahed, except br iwpMiTiig^ tbe 
tranfpanmcy of the fluid. 

Th^ 4ep0fatioa of precipitates from the solntions ia^ with aome 
iS'^w exceptional casea, mnch assisted br the appHcatiiaii of heat 
and dotation. This operation is therefore condacted in test- 
UhfA, which, from their transparency, admit al an im^ectkiii of 
thf; process, 

S. 7lLTRATI09 AKD I>ZCANTATION. 

These terms are applied to a modificadon of the same open- 
tK>n, viz,, the mechanical sepsontion of ftoids fjnnn solid matter 
mixerl with them. 

YILTKATIOK. 

In filtration the separation of the fluid frmn the solid matter, 
is accomplished by passing it tfaroogh flheiing paper, of a proper 
size and shape, supported in a funnel. The pores of the paper 
permit the fltdd to pass throngh, whilst the solid matter being 
prevented remains behind. 

The liquid which passes through the Alter is called the^^^^ro^. 

DECANTATION. 

When the solid particles are yeiy heavy the supernatant liqidd 
l)e perfectly separated, without passing it through a Alter, 
'mply incUning the vessel, so as to allow the fluid to pass 
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away unattended by the precipitate, or by remoYing the fluid by 
a syphon. 

The separation in this way of a solid from a fluid is called 
decantaiion. 

Too great attention cannot be paid to the washing of pre- 
cipitates when they are required for further examination. After 
the precipitate has been thrown upon the filter, a stream of 
water must be projected from the wash bottle upon it, from 
time to time, until it is perfectly freed from soluble matter; this 
is sooner accomplished if hot water be employed. Hot water 
may therefore be used in all cases unless the contrary be ex- 
pressly stated. 

4. EVAPOBATION. 

This process is used for the purpose of obtaining matter in a 
solid state from solutions. By the aid of heat, the volatile fluid 
passes off in the gaseous form whilst the non-volatile matter 
remains behind. 

If the evaporation be conducted slowly, the solid matter will 
frequently, on being deposited, assume a crystalline form. The 
operation is then termed crystallizatum. 

This operation is frequently conducted for the purpose of 
obtaining a liquid in a more concentrated form, by volatilizing a 
portion only of the fluid. Vessels. are constructed expressly for 
the purpose, called evaporating dishes. 

B. Distillation. 
This operation like the former one consists in the separation of 
a volatile from a less volatile fluid, or in the separation of a liquid 
from a solid. But in evaporation no attention is paid to the 
volatilized fluid, whilst in distillation it is frequently the only 
substance required. A distilling apparatus is therefore so con- 
structed as to allow the evaporated fluid to be collected, which is 
called the Distillate, It consists of three parts. I. A vessel 
in which the liquid to be distilled is heated. 2. An apparatus 
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in .which the Vapotur is cooled and condensed. 3. A vessel for 
receiving the distillate. 

On a small scale glass retorts are employed, but in the dis- 
tillation of large quantities, copper stills are usually substituted 
-for them. 

6. Ignition. 

By this operation, volatile is separated from non-volatile solid 
matter, it requires the application of a high temperature and 
must be conducted in crucibles. 

7. Sublimation. 

By sublimation we effect not only the separation of volatile 
from less volatile solid matter, but by cooling we bring the volatile 
matter back to the solid state, and in this state it is called the 
stiblmate, 

TMs process is therefore a distillaMon of 9olid bodies, 

8. Fusion. 

This term is applied to the liquefaction of a solid, by the mere 
application of heat. It is also used for the decomposition of 
solids in the " dry way.*' 

By this operation we are able to resolve insoluble substances 
into forms which admit of solution. This is accomplished by 
causing their proximate elements to unite with bodies the com- 
pounds of which will be capable of solution. Thus sulphate of 
baryta, which, from its insolubiUty both in water and adds, resists 
the action of reagents in the fluid state, is decomposed in this 
way. It is mixed with three or four times its own weight of 
dry carbonate of soda, and the mixed mass exposed in a crucible, 
for some time, to a high temperature. The two salts mutually 
suffer decomposition when placed in these conditions, the sulphuric 
acid passing over to the soda whilst the carbonic acid imites with 
the baiyta. K the frised mass be treated with water, the sulphate 
of soda dissolves in that Hquid, whilst the carbonate of baryta 
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being insoluble remains behind. This substance after being 
well-washed may be dissolved in hydrochloric or nitric acid. The 
decomposition of substances in the dry way, requires in most 
cases a higher temperature than that which a small spirit lamp 
affords. When a limited amount of heat can only be obtained, 
it is better to employ a mixture of equal parts of carbonate of 
soda and carbonate of potash, instead of the former salt alone. 

9. Deflagbation. 
This term is appHed to all decompositions attended with noise. 
It also includes the oxidation of a substance by a reagent, in the 
dry way, on account of the slight explosions which frequently 
attend this kind of oxidation. 

• 

10. The Blowpipe. 

The mouth blowpipe is a small instrument which is employed 
for directing a fine and continuous stream of air into the flame of 
a wax candle or oil lamp. By the flame thus produced, two re- 
verse chemical operations may be performed, viz, oxidation and r^- 
dttction. The flame is therefore distinguished by these properties, 
into the outer or oxidizing flame and the inner or reducing fljEtme. 

In the oxidizing flame, the inflammable vapour is in a state of 
complete combustion, being supplied and mixed with an excess 
of atmospheric air. From the high temperature resulting from 
the perfect combustion of the inflammable vapour and likewise 
from the excess of oxygen, all the requisite conditions are pre- 
sent, for causing substances with an affinity for that element, 
to enter into union with it. 

In the reducmg or deoxidizing flame, the inflammable vapour is 
in an incomplete state of combustion, due to a deficiency of 
atmospheric air. Hence any metallic oxide placed in this portion 
of the flame is robbed of its oxygen by the inflammable vapour, 
which requires that element for its combustion. This portion o£. 
the flame is most luminous, whilst the outer flame yields little 
light, but a large amount of heat. 
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CHAPTER II. 
REAGENTS. 

Eeagekts may be diidded into two classes — general and 
special. The general reagents are employed to divide substances 
into families or groups, and the special reagents to detect the 
individual members of a group. A special reagent is said to be 
characteristic, when it produces a reaction so decisive that it 
admits of no mistake. 

The reagents must, in most cases, be chemically pure; a 
list of the impurities usually found in them is therefore given. 
But the methods to be employed for their detection are not 
stated here, as they can be all gathered from the body of the 
work, and the selection of them will prove a good analy^cal 
exercise for the student. The methods of preparing reagents are 
not given except in one or two simple cases. Muid tests em- 
ployed are generally diluted with a certain quantity of water. 
The diluted reagent is in aU cases to be employed, except where 
the contrary is stated. 

LIST OF THE BEAGENTS EMPLOYED IN THE FLUID STATE* 

1 . Hydrochloric add (muriatic acid), if perfectly pure, leaves no 
residue when evaporated. The substances with which it is 
generally contaminated are iron, arsenic, and sulphuric acid. 

Dilute one part of the concentrated acid with four parts of 
.water. 

2. Nfiric acid (aqua fortis), when free from non-volatile matter. 
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leaves no residue on evaporation. The impurities often found in 
it are hydrocUorie and sulphuric acids. 

Dilute one part of the concentrated add with five of water. 

3. NUrohydrocMork acid (aqua regia) is prepared, by adding 
four parts of concentrated hydrochloric acid to one of concentrated 
nitric acid. 

This test is employed in an undiluted state. 

4. Sulphuric acid (oil of vitriol) frequently contains both arsenic 
and lead, and not unfrequently nitrous acid. The lead is deposited 
to a great extent when the acid is diluted, sulphate of lead being 
less soluble in dilute than in concentrated sulphuric acid. 

The dHute add is prepared by adding four parts of water to 
every one of the concentrated add. 

5. Tartaric acid is generally suffidently pure for analytical 
purposes. As it undergoes decomposition in solution, a small 
quantity only should be prepared at a time. 

For use, dissolve one part, by weight, of acid, in two parts, by 
measure, of water. 

6. Acetic add, when employed in analysis, ought to be free 
from non-volatile matter and sulphuric acid. 

Dilute one part of the add with four parts of water. 

7. Hydromlphuric acid (sulphuretted hydrogen) is prepared 
by adding to sulphide of iron, in an appropriate apparatus, dilute 
sulphuric or hydrochloric acid. The sulphuretted hydrogen is 
Hberated in its gaseous state, and may be passed through any 
solution under examination; or a solution of the gas may be 
obtained by passing it through pure water. As this solution 
very soon decomposes by contact with the atmosphere, it ought 
to be prepared very frequently, and kept in well-stoppered bottles. 

Sulphide of iron, from which hydrosulphuric add is obtained, 
is prepared by projecting a mixture of thirty parts of iron filings 
with twenty-one of flower of sulphur, in small portions at a time, 
into a red-hot crucible, replacing the cover after each addition. 
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When the whole has been added, the ignition must be continued 
for a short time, until the excess of sulphur has been dissipated. 

8. SuVphitrom acid is prepared by acting upon copper or 
charcoal with sulphuric acid. For this purpose small pieces of 
charcoal are introduced into a flask, with from six to eight times 
their weight of sulphuric acid, and a moderate heat applied. 
The evolved gas must be conducted into cold water until it is 
no longer absorbed. On account of the great tendency which this 
reagent has to absorb more oxygen, and become converted into 
sulphuric acid, it must be preserved in well-stoppered bottles. 

9. Chlorine gas is prepared by introducing into a flask one 
part of peroxide of manganese along with four parts of hydro- 
chloric acid ; the liberation of the chlorine is assisted by a gentle 
heat. A solution of the gas may be prepared by passing it into 
cold water. Chlorine water must be kept in well-stoppered 
bottles, and excluded from the light. 

10. Oxalic acid. Dissolve one part, by weight, of the acid, 
in twenty parts, by measure, of water. 

11. Oxalate of ammonia must be free from sulphuric acid. 
Dissolve one part, by weight, of the salt, in twenty parts, by 

measure, of water. 

12. Ammonia ought to be free from non-volatile matter, and 
also from carbonic, sulphuric, and hydrochloric add. 

Dilute one part of the strong ammonia with four of water. 

13. Chloride of ammonium is frequently contaminated with 
iron, from which it ought to be entirely free. 

Dissolve one part, by weight, of the salt, in ten parts, by 
measure, of water. 

14. Sulphide of ammonium (hydrosulphuret of ammonia) is 
prepared by passing hydrosulphuric acid through liquid ammonia 
until it no longer produces a precipitate in a solution of 
magnesia. 

Dilute one part, with three of water. 
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15. Carbonate of ammonia must be free from non-volatile 
matter, and likewise from sulphnric acid. 

Dissolve one part, by weight, of tbe salt, in four parts, by 
measure, of water, and add one measure of ammonia. 

16. ^rseniate qf ammonia ia ^Te^arei by neutralising arsenic 
acid witb carbonate of ammonia, and evaporating to dryness. 

Dissolve one part, by weight, of the salt, in ten parts, by 
measure, of water. 

17. jirsenic acid is prepared by dissolving arsenious add in 
nitric acid, mixed with a little hydrochloric acid, evaporating 
the solution to dryness, and igniting somewhat below a low red 
heat, until aU nitric acid is expelled. 

18. Sulphaie ofpotask. Dissolve one part, by weight, of the 
salt, in twenty-four parts, by measure, of water. 

19. Ferrocyanide of potassium (yellow prussiate of potash). 
Dissolve one part, by weight, in twelve, by measure, of water. 

20. Ferricyanide of potassium (red prussiate of potash). 
Dissolve one part, by weight, of the salt, in twelve parts, by 

measure, of water. 

21. Ckromate qf potash must be free from sulphuric acid. 
Dissolve one part, by weight, in eight parts, by measure, of water. 

22. Caustic soda is prepared by dissolving one part, by weight, 
of carbonate soda, in twelve parts, by measure, of water, and 
boiling the solution in a clean iron pan. Hydrate of lime must 
be added in small portions to the boiling liquid, until hydro- 
chloric acid causes no effervescence in a portion of the liquid. 
When this point has been attained, the pan must be removed 
from the fire, and the precipitate allowed to subside. The 
supernatant Hquid must then be drawn off by means of a syphon, 
or passed through a filter of bleached linen, and the filtrate 
evaporated rapidly over a quick fire until it has been reduced to 
half its original bulk. On supersaturating a portion of the 
liquid with hydrochloric acid, no, or only a slight, effervescence 
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should take place. The solution must be kept in well-stoppered 
bottles. 

23. CarhoiuUe of 9oda must contain no sulphuric or hydro- 
chloric acid. 

Dissolye one part, by weight, of the salt, in ten parts, by 
measure, of the water. 

24. Phosphate of 9oda must form no precipitate with ammonia. 
Dissolve one part, by weight, of the salt, in ten parts, by 

measure, of water. 

25. Acetate of soda is made by adding acetic acid to a con- 
centrated solution of carbonate of soda until all effervescence 
ceases. This solution must be free from sulphuric acid. 

Dilute one part of the concentrated solution with four parts 
of water. 

26. Chloride of barium. Dissolve one part of this salt in ten 
parts of water. 

27. Nitrate of baryta. Dissolve one part of this salt in ten 
parts of water. 

28. lAme waier is made by digesting recently-prepared 
hydrate of lime for some time with cold distilled water, with fre- 
quent agitation of the mixture; allow the undissolved portion 
of the lime to subside, decant subsequently, and keep the clear 
fluid in well-stoppered bottles. 

29. Chloride qf calcium is made by dissolving pure carboiiate 
of lime in dilute hydrochloric add, the solution thus obtained 
must be neutral to test paper. 

Dilute one part of the concentrated solution with five parts of 
water. 

30. Sulphate of lime (gypsum). Dissolve as much of the salt 
as the water will take up. 

31. Sulphate of magnesia (Epsom salts). Dissolve one part 
in eight of water. 

32. Ferchloride (sesquichloride) of iron is prepared by dis- 
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solving recently-precipitated and well-washed peroxide of iron in 
hydrochloric acid. It must not contain any free add. 

33. Acetaie of lead, Dissolye one part, by weight, of the salt, 
in ten parts, by measure, of water. 

34. ProtonUrate of mercury is made by heating gently in a 
small flask nine parts of nitric acid in coDJunction with ten parts 
of mercury, until the disengagement of nitrous fumes ceases; 
the solution is then boiled for some time with the undissolyed 
portion of the mercury, care being taken to replace the water 
lost by evaporation. The ciystals, which separate on the cooling 
of the liquid, are dLssolved in twenty parts of cold water, slightly 
acidulated with nitric acid. The fluid is then Altered if neces- 
saiy, and the filtrate kept in a gkss bottle, the bottom of which 
is covered with mercury. 

35. Nitrate of silver. Dissolve one part, by weight, of the salt, 
in twenty parts, by measure, of water. 

36. Nitrate of cobalt. Dissolve one part in ten parts of water. 

37. Distilled water ought always to be employed in all the 
above solutions and in all analytical operations. It should 
leave no residue on evaporation, and should give no precipitate 
or even turbidity with chloride of barium, nitrate of silver, 
oxalate of ammonia or lime water. 

38. Reagent papers. Blue litmus paper serves to detect the 
presence of free adds in fluids, since they change the blue colour 
to red. Eeddened litmus paper serves to detect the presence of 
free alkalies, and of earths and salts possessing an alkaline 
reaction, by changing the red colour to blue. Turmeric paper 
aids, like reddened litmus paper, in the detection of free 
alkalies, &c., by changing its yellow colour to brown. 

LIST OF THE BEAGENTS EMPLOYED IN THE DEY STATE. 

1. Nitrate of ammonia is made by neutralizing nitric add with 
carbonate of ammonia. The solution is evaporated until crystals 
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begin to be deposited, and is then allowed to cool. The ciystals 
are collected and placed in weU-stoppered bottles. 

2. Ojfanide of potamum must be of a milk-white colour, and 
perfectly free from any admixture of iron. 

3. Sulphate of iron is principally employed for the detection 
of nitric acid. 

4. Copper turnings are hkewise employed for the detection of 
nitric acid. 

5. Garbon(Ue of 9oda must not contain any sulphuric or hydro- 
chloric add. 

6. Biborate of 9oda (borax) is employed in blowpipe analysis. 

7. Phosphate of soda and ammonia (microcosmic salt) is like- 
wise employed as a reagent in blowpipe analysis. 
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CHAPTEE III. 

REMARKS ON THE STUDY OF QUALITATIVE ANALYSIS. 

1. In the present chapter it is proposed to lay before, the 
student a general view of andysis and the methods employed in 
its study, together with a few remarks of a miscellaneous and 
introductory character. 

2. It has been already stated, that in chemical analysis we 
either resolve compounds into their simple elements directly, or 
separate them into their proximate elements, by causing these to 
unite with other substances with which they form new com- 
binations, the properties and appearances of which are previously 
well known to us. By the aid therefore of analytical chemistiy, 
we convert substances at first unknown to us into known forms 
which admit of a correct interpretation. To learn the mode of 
asking these chemical questions, the order and succession in 
which they are to be put, and the language in which the answers 
will be returned, are the first things to be studied. 

3. The student gains this preparatory knowledge by perform- 
ing the different experiments pointed out in the Special 
Tables, carefully noting the reactions which the reagents give 
with each individual member, and explaining by diagrams the 
decompositions produced. 

4. These remarks may be illustrated by an example. The first 
group, and therefore the one which first claims the attention of 
the student, is made up of three members, viz.. Potash, Soda, 
and Ammonia. In the Jlrst paragraph, under the head ammonia, 
it is stated that this substance and its SEilts are volatile, i. e. they 
can be converted by heat into vapour. In the second paragraph 
it is stated that all salts of ammonia are decomposed on the 
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additiou of a stronger base, gaseous ammonia being given off. 
In the third, that tartaric add produces, in neutral and aUcaline 
solutions of ammonia, a white crystalline precipitate of bitartrate 
of ammonia. He has, therefore, to perform and verify these ex- 
periments, to notice those conditions which favour the reactions 
and those which prevent their development. 

5. Let bitartrate of ammonia be taken as an example of what 
has just been said. It is stated in the table that this precipitate 
is produced both in neatral and alkaline solutions, but that free 
alkalies and free mineral acids dissolve it. Hence it follows that 
though tartaric acid produces a precipitate in alkaline solutions, 
it can do so only when it is added in excess, because as free 
alkalies dissolve the precipitate, they must when present prevent 
its formation. It is also evident, that tartaric add cannot detect 
ammonia in the presence of free mineral adds for the same reason. 

6. The conditions which favour or prevent predpitation, 
together with the appearances of the predpitates, must therefore 
be carefully remembered by the student. This is best accom- 
plished by recording them in a note-book at the time the 
experiments are made, together with diagrams of the decompo- 
sitions which the different substances experience on the addition 
of the reagents. 

7. To exemplify what we wish to convey respecting decom- 
positions, we select chloride of ammonium, and show by a 
diagram the change which this salt undergoes when tartaric acid 
is added to it, thus : — 



Tartaric 
Acid. 



Chloride 
Ammonium 




HCl 



Hydrochloiic Acid. 



NH^C^HO, T 

Bitartrate of 
Ammonia. 
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8. The student liaving performed all the experiments nnder 
ammonia, potash, and soda, must fomid upon them a method 
for detecting these three substances, when they occur together, 
and then compare it with the one given in the text. By adopt- 
ing this plan, a more extensiye and accurate knowledge will be 
acquired, than if the method given in the work be immediately 
consulted. Several solutions are then given to him, each of 
which he must examine for the members of this group. When 
he can perform these practical exercises correctly, he may pass 
on to the second group, performing the experiments given in 
that table in the same manner. He must deduce from them the 
method for separating the members of this group from each 
other, and again test his acquired knowledge by practical 
exercises. When he thoroughly comprehends the way of sepa- 
rating them from one another, he wiU find, by the aid of the 
general table, the method to be employed for separating this 
group from the first. He should then examine various so- 
lutions, which may contain aQ the members of the first two 
groups. When he has completed aU the basic groups in 
the manner described, he should analyse about twenty different 
solutions and look for aQ the bases given. After which the 
experiments given under the different acids must be per- 
formed. The student is then in a condition to go through 
a complete course of qualitaiive anaJyns, commencing with 
substances already in a state of solution, and concluding with 
the examination of solids. Both in the solutions and solids 
he must look for all the adds and bases treated of in the 
work. 

He who would study Analytical Chemistry with success, must 
support his determination by unwearying industry, regularity, and 
neatness. At the commencement he has, on the one hand, to 
guard against a too Hberal, and, on the other, a too sparing 
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addition ^ of the reagents, both being objectionable. He must be 
very particular in alvrays mixing thoroughly the re-agent with 
the solution to which he has added it, and not simply content 
himself by adding it (as is generally the case with b^inners) 
without attempting by agitation to incorporate the two fluids. 
He has carefully to distinguish between the terms j^r^c^^t^o^ and 
filtrate^ and be very particular in thoroughly freeing precipitates 
required for further examination from all soluble matter by wash- 
ing. The wash-water must not be collected with the filtrate, if 
this last should be required for further examination. But all 
these cautions will have been attended to in vain should the ex- 
periments be performed in dirty apparatus, this being sufficient 
of itself to nullify all satisfactory results. 

4 

* Impeifbct precipitation results from a too sparing addition of the 
reagent : this error being frequently committed, the mode of rectifying it 
requires to be pointed out, which simply consists in adding to the filtrate a 
little more of the reagent with which the precipitation was effected. If 
this produces no further precipitate the substance has been fiilly predi- 
-pitated. Should a further precipitate be produced it must be removed by 
filtration before attempting to throw down any other substance. 
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CHAPTER IV. 



THE GENERAL PROPERTIES OF THE GROUPS. 
The bases are divided into the five following groups. 



Group I. 




Group II, 


Ammonia. 




Baryta. 


Potash. 






Strontia. 


Soda. 






Lime. 
Magnesia. 


Group III. 






Group IV. 


Alumina. 






Arsenious Acid. 


Oxide of Chromium. 






Arsenic Add. 


Protoxide of Iron. 






Oxide of Antimony. 


Peroxide of Iron. 






Protoxide of Tin. 


Oxide of Zinc. 






Peroxide of Tin. 


Protoxide of Mangani 


ese. 




Peroxide of Gold. 


Oxide of Nickel. 






Peroxide of Platinum 


Oxide of Cobalt. 








■ 


Group V. 






Oxide of Silver. 


• 




Protoxide of Mercury. 




Oxide of Lead. 






reroxiae of Mercmy. 




Oxide of Bismuth. 




Oxide of Cadmium. 




Oxide of C 


/opper. 





The separation into groups is effected by observing some 
property common to several substances and peculiar to tkem, by 
which means a group is formed possessing distinctive charac- 
teristics, which distinguish its members from those of every other 
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group. (Ex. The third is distmgoished ficom the two preceding 
ones by its members being precipitated from their solutions by 
mdpkide qf ammonium. This general property separates tbe 
members of this group from those of the first and second^ as they 
form no insoluble compound with that reagent.) 

Most important advantages are gained by a distribution of 
this Idady as it would be impossible to analyse complex sab- 
stances accurately without some such division. Por as many of 
the reagents precipitate more than one substance, it would be 
difficult to decide in such cases what the particular substances 
were which had been precipitated, and whether they had all been 
detected. Another important advantage arising from this 
arrangement is, that it is as easy to discover a group as an 
individual substance, and the absence of a group beiog proved, 
it is unnecessary to examine further for any member contained 
in it. 

It wiU be seen by consulting the general table that some of the 
tests produce a precipitate with more than one of the groups, the 
andysis must therefore be commenced by removing those sub- 
Btances, the general reagent of which produces no precipitate with 
the members of any other group, under the same circumstances. 
Such a course will be adopted if the tests are employed in the 
order observed in the following Table. 



OF THE GROUPS. 
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The analysis must be commenced by adding to the solution 
hydrochloric acid, whicb precipitates the first section of the fifth 
group. To the filtrate from this precipitate or to the solution 
with which it has failed to give a precipitate, is to be added 
hydromlphuric acid which precipitates the remaining members of 
the fifth and all the members of the fourth group. Chloride of 
ammonium,ammonia,Biid sulphide o/ammonium,hemg added to this 
filtrate, precipitate all the members of the third group. Carbonate 
of ammonia, being added to the solution from which the third 
group has been precipitated, throws down babyta, stbontia and 
LIME, whilst MAGNESIA remains in solution along with the 
members of the first group and the ammoniacal salts which have 
been added in the course of the analysis. To detect the magne sia, 
the filtrate from the carbonate of ammonia precipitate must 
be divided into two portions. To one portion is to be added 
arseniate of ammonia. If a precipitate be produced by this 
reagent magnesia is present. In this case the remainder of 
the solution is at once mixed with the portion to which arseniate 
of ammonia has been added, and the liquid filtered after it has been 
well agitated. To the filtrate must be added a drop or two more 
of the arseniate of ammonia. Should this cause no ftirther 
precipitate aU the magnesia has been thrown down. The filtrate 
must then be evaporated to dryness along with some sulphide of 
ammonium and ignited until all fuming has ceaised. If a residue 
remain, potash and soda must be examined for according to the 
second Table. 

Should arseniate of ammonia cause no precipitate in the first 
portion of the solution, magnesia is absent. The other portion 
of the filtrate can in this case be at once evaporated to dryness to 
expel ammoniacal salts, and the residue, if any remain after 
ignition, be examined for potash and soda. 

Although the above is the usual course I prefer the foUowing 
modification, as it renders the plan of analysis taught in the 
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laboratoiy more consonant with the meliiods adopted in general 
practice. It will be seen, by examining the special table of the 
third group, that some of the oxides belonging to that group are 
soluble whilst the rest are insoluble in excess of ammonia in the 
presence of ammoniacal salts. This property may therefore be 
employed to divide this group into two sections. If this scheme 
be followed, after boiling the filtrate from the sulphuretted 
hydrogen precipitate, to expel the excess of that gas, the solution 
must be filtered to free it from the sulphur which has separated, 
and be again boiled with the addition of a few drops of nitric acid, 
to convert the niGN if present into feboxide. Chloride of 
ammonium and ammoniay being added to the solution, precipitate 

ALUMINA, OXIDE OP CHBOMITJM, FEBOXIDE OP IBON, PHOS- 
PHATE OF ALUMINA, PHOSPHATE OF IBON, and the PHOSPHATES 

AND OXALATES OF THE ALKALINE EABTHS. The precipitate after 
being well washed, may then be examined according to Table V. 
Manganese, nickel, cobalt, and zinc are thrown down from 
the filtrate by sulphide of ammonium. The examination of this 
precipitate must be conducted according to Table IV. "Whilst 
the filtrate from the sulphide of ammonium precipitate, must be 
investigated for the second and first groups according to the 
methods previously given. 



PABTICULAB OBSEBVATIONS BEGABDING THE PBECIPITATES 
PBODUCED BY THE GENEBAL BE AGENTS AND THE PBECAUTIONS 
TO BE ATTENDED TO IN EXAMINING THE SOLUTIONS. 

Before adding hydrochloric acid to any solution imder ex- 
amination, it is necessary to ascertain by test-papers whether it 
be add, neutral, or alkaline. If it be one of the two former, a 
few drops of the acid will generally be found sufficient; if 
alkaline, the acid must be added until it is decidedly in excess. 

As a precipitate may be produced on the addition of hydrochloric 
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ocuf, in the absence of the oxides of silyeb, lead, and 
PBOTOXiDE OF MEBCTJBT, It is requisite to notice the substances 
which may be precipitated and nnder what conditions the 
precipitation takes place. The precipitate ^ may be occasioned 
by the presence of some salt of antimony or bismuth, as the 
CHLOBiDEs of these metals are decomposed by much water into 
soluble add and insoluble basic salts. This precipitate may also 
anse from the presence of some substance insoluble in water but 
soluble in the caustic or carbonated alkalies. Ex, gr, Phosfhate 
OF ALUMINA dissolvcd in caustic soda ; or from the presence of 
some ALKALINE SILICATE. If the precipitate arise from either of 
the first two causes, it will generally redissolve on the further 
addition of acid. When silicic acid is the substance thrown down, 
the precipitate will present a very gelatinous appearance, and wiU 
remain undissolved on the further addition of acid. A fresh 
portion of the original solution must therefore be acidulated with 
nitric acid and evaporated to dryness to render the silicic acid 
insoluble ; the ignited mass may then be digested with dilute 
nitric acid, and filtered. ^ The analysis of the filtrate is to be 
conducted in the regular way. 

As the CHLOBIDES OF LEAD, SILYEB, and fbotochlobide 
OF MEBCUBY are very heavy, they easily separate from the 
solution; there is therefore no need to warm the fluid to eflfect 
this object. Indeed it would be disadvantageous to do so, as a 
portion of the protochloride of mercury would be converted into 
perchloride, and the greater portion if not all the chloride of 
lead would be dissolved. The precipitate, after being twice 

* If the hydrochloric acid employed contain a trace of sulphuric add, 
and baryta be present in the fluid under examination, a slight trace of in- 
soluble sulphate of baryta wOl be formed, which may be distinguished by 
the difficulty experienced in separating it from the fluid by filtration. 

^ The precipitate left upon the filter must be examined for silicic acid, 
according to the method described under the head of that add. 
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washed with cold water, is to be examined accoTdbig to first 
section of Table VI. 

The precipitate thrown down by sulphuretted hydrogen from 
the hydrochloric-acid filtrate, may consist of the remaining mem- 
bers of the fifth, and all the members of the fourth group. The 
method for separating these two groups wOl be explained in 
another paragraph. Before passing the hydrosulphuric acid 
through the solution it will be necessary to dilute it with water, 
if it be very acid, as many of the sulphides will not readily pre- 
cipitate from very acid solutions. Should the liquid, on being 
diluted, become turbid, it arises from the presence of some salt 
of antimony or bismuth. A few drops of acid will re-dissolve 
this precipitate. 

K, on the addition of hydrosulphuric acidy no precipitate be 
produced, it proves the absence of the remaining members of the 
fifth and all the members of the fourth group. If a precipitate 
be produced, the colour of which is white,^ this likewise proves 
the absence of these groups, as the white precipitate is merely 
due to a separation of the sulphur, occasioned by the reduction 
of some higher oxide to a lower degree of oxidation. If the 
colour of the solution, originally orange or yellow, change to a 
ffreeH, after the gas is passed through it, the separation of sulphur 
is due to the reduction of chuomic acid to the state of oxide 
OF GHBOMiUM. K the separation of sulphur be not attended 
with any change in colour, it is (probably) attributable to the 
reduction of peeoxide of ibon to the state of protoxide, 
chromic acid and peroxide of iron being both found in their 
lowest degree of oxidation, after hydrosulphuric acid, or any 
other redudng agent, has been added to their solutions. 

3 If nitric acid be present in the solution, a thick, tenacious yellow mass 
of sulphur will separate, occasioned by the decomposition of the sulphuretted 
hydrogen by the add. When such is the case the gas has to be passed 
through the solution for some time before its characteristic odour will be 
imparted to the liquid, showing that a sufficient quantity has been added. 

2 
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Absemic acid is precipitated^ with yeiy great difficulty, bj 
hydrosulphuric acid. When this substance is present, the addition 
of tulpkuroui acid, assisted by a gentle degree of heat, re- 
duces it to a lower oxide (arsmioua acid). This must be done 
before passing hydrosulphuric acid through the solution. If on 
the first transmission of hydrosulphuric add through the solution 
a white precipitate be formed, which, on a further addition of the 
reagent, acquires an orange colour, and becomes finally black, it 
points out that some salt of the peroxide of mercury is present. 
If the precipitate, on its first formation, assumes a red or 6romfusk- 
red colour, and becomes finally black, it indicates the probable 
presence of some salt of lead. 

To separate the two groups thrown down by hydrosulphuTic 

acid, the precipitate produced by that reagent must be collected 

upon a filter, and washed with water. Boiling caustic soda is 

then poured upon it, and dissolves out the members of the fourth 

group, whilst the members of the fifth, being insoluble, remain 

behind upon the filter. This residue, after being well washed, 

must be examined according to the second section of Table YI. 

On the addition of hydrochloric acid to the alkaline solution, 

the members of the fourth group, if present, are re-precipitated. 

If the precipitate produced on the addition of the acid to the 

alkaline solution be white, this arises merely from the separation 

of sulphur; if it possess a yellow or orange colour, antimony, 

TIN, and ARSENIC can only be present. K black, then all the 

members of the group must be sought for. The analysis of this 

precipitate must be conducted according to directions given 

under the fourth group. 

To the filtrate jfrom the hydrosulphuric-acid precipitate is to 
be added chloride of ammonium,^ ammonia, and sulphide of 

* No chloride of ammomum need be added to solutions which contain a 
considerable quantity of free add, as a sufficient quantity of ammoniacal 
salt will be formed on neutralising the add with ammonia. 
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ammonium. Chloride of ammonium is emplojred to prevent the 
precipitation of the magnesia by the ammonia, and this alkali 
is added to neutralise the acid solution, and thus pireyent the de- 
composition of the sulphide of ammonium. 

The precipitate produced by sulphide of ammonium may con- 
sist, in addition to the members of the third group, of the follow- 
ing salts: ALUMINA, BABYTA, STBONTIA, LIME, and MAGNESIA, 

when in combination with phosphobic acid; and babtta, 
STBONTIA, and lime, when in combination with oxalic acid. 
The precipitate produced by sulphide of ammonium may there- 
fore be composed of sulphides, oxides, and salts. The 
substances contained in the second and third classes do not, like 
those contained in the first, give up their oxygen for the sulphur 
contained in the alkaline sulphide. It is therefore the ammonia 
in the sulphide of ammonium which determines their precipita- 
tion, and consequently hydrosulphuric acid is dways evolyed 
when the alkaline sulphide is added to a solution containing any 
or all of the substances contained in these classes. One reason 
why the alkaline sulphide is restricted in the Table to sulphide 
of ammonium, is that alumina and oxide of chromium are soluble 
in the fixed alkalies, and consequently the sulphides of potassium 
or sodium would cause no precipitate in their solutions. The 
substances composing the first class are not only precipitated by 
aU soluble sulphides, but also form neutral or alkaline solutions 
by hydrosulphuric acid. 

The precipitate produced by sulphide of ammonium, after 
being well washed, must be examined according to Table lY. 

If the filtrate from the sulphide of ammonium precipitate be 
yery dark and turbid, it is occasioned by the presence of nickel, 
the sulphide of that metal being slightly soluble ia sulphide of 
ammonium. When a considerable portion of this substance has 
passed into solution, the filtrate must be evaporated to dryness, 
and the residue treated with water. The substance which is 
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insoluble in water most be added to the precipitate produced by 
sulphide of ammonium, whilst the solution is to be investigated 
for the first and second groups. 

To the solution, which may contain the members of the first and 
second groups, is to be added chloride of ammonium, ammotna 
(if these reagents are not already present in the solution), and 
carbonate of ammonia. Bastta, stbontia, and lime are com- 
pletely precipitated from their solutions by the alkaline carbonate; 
but this reagent precipitates magnesia only partly, even under 
the most favourable circumstances, and this partial precipitation 
is altogether prevented if a salt of ammonia be present. It is 
for this reason that chloride of ammonium^ is directed to be 
added along with the alkaline carbonate. The carbonate of 
ammonia employed being generally a sesquicarbonate, a portion 
of the alkaline earths is apt to be dissolved by the excess of car- 
bonic acid. To prevent this, a Httle ammonia should be added 
along with that reagent. 

The solution, after the addition of the carbonate of ammonia, 
should be gently warmed, and the precipitate, if any be formed, 
examined according to Table HI, for baeyta, stbontia, and 

LIME. 

The separation of magnesia from the fixed alkalies is 
effected by precipitating it from its solutions by means of arseni- 
ate of ammonia. To get rid of the excess of arseniate of am- 
monia in the filtrate, sulphide of ammonium (containing an excess 
of sulphur) must be added, and the solution evaporated to 
dryness and ignited. By this means the whole of the arsenic 
will be expelled, along with the ammoniacal salts, in the state 
of sulphaesenic acid. This mode of getting rid of the 
arsenic is open to two objections: — 1. It would be ineffectual 
when nitrates were present, as the sulpharsenic acid formed by 

^ Any ammoniacal salt may be employed, the acid of which forms no 
insoluble compomid with magnesia or the other members. 
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the sulphide of ammomuin would be again converted, . during 
the process of ignition, into arsenic add. 2. It would be dan- 
gerous, in ill-yentilated laboratories, to volatilise any compound 
of arsenic into the atmosphere. By adopting the following mo- 
dification the two objections will be removed. After sulphide 
of ammonium has been added to the filtrate from the magnesia 
precipitate, and the solution evaporated to one half its bulk, 
hydrochloric acid must be added slightly in excess. The solu- 
tion must then be filtered off from the precipitated sulph- 
ASSENiG ACID, cvaporatcd to dryness, and heated to expel am- 
moniacEil salts. If a residue remain, it must be examined for 

the NON-VOLATILE ALKALIES. 



FIEST GEOUP. 

POTASH. SODA. AMMONIA. 

The members of this group are called alkalies. They are 
readily soluble in water in their pure (caustic) state. The solution 
restores the blue colour of reddened litmus paper, and imparts 
an intensely brown colour to turmeric paper; the solution of 
their sulphides and carbonates act in a similar manner upon 
vegetable colours. 

Potash and soda are oxides of the metals jpotassium and 
sodium; these metals are lighter than water, and decompose it 
at the ordinary temperature. Ammonia (NHs) being a gas of 
a very pungent odour, is readily distinguished from all other 
substances; it dissolves freely in water, and may be again 
expeUed on boiling the solution. Ammonia, when dissolved in 
an aqueous solution, unites with one atom of water forming 
NH4O, the oxide of an hypothetical compoimd metal ammo- 
nium (NH4). 
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PoCash cannot be detected in thepme&oe of amBKnia or any of 
its salts: because the same reagents whiA [■ ly .ijHiate potaaik from 
its solutioiis, fonn also with •mmonia a oGnesponfing daaa of 
insoluble substances; the latter must theieftire be separated hxaa 
the substance before proceeding to test for the fanner. 

When a solution is to be examined, containing onl^ thb 
▲LKALixs, it must be ditided into two parts. In one por- 
tion an examination for axiignia. is to be made accord i ng to 
the method described in the second paragraph of the Table fior 
this group. If that alkali be present, the other porticm of the 
solution must be evaporated to dryness, and ignited in order to 
YolatiliBe the ammoniacal salts; if a residue remain,* one or both of 
the FIXED ALKALIES may be present. A portion of this residue 
is to be placed upon the loop of a platinum wire, and exposed to 
the inner blowpipe flame. If the flame be coloured yellow, soda is 
present; if violet, it proves the absence of soda, and the probable 
presence of potash. The remainder of the substance is to be 
dissolved in the smallest possible quantity of water, and examined 
for potash by adding tartaric acid to the solution, which pro- 
duces, in solutions of that alkali, a crystalline precipitate. In 
the absence of ammonia, the other portion wiQ not require to 
be evaporated to dryness before proceeding to test for potash 
and soda. 

When the examination is not confined to the alkalies, the 
solution, after having been freed from all other substances, must 
be evaporated to dryness, and ignited, to expel the ammoniacal 
salts, which have been added in the course of the analysis. 
If a residue remain after the vapours of the ammomacal salts 
have ceased, it must be examined for potash and soda. In this 
case, ammonia is to be tested for in the original solution. 

' A fixed residue is not a certain proof of the presence of potash or soda, 
as it may arise from the presence of one of the non-volatile adds, viz., 
phosphoric, boradc, or sflidc add. 
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TABLE n. 
Behayioub of the first GrEOUP with the Special Beaobnts. 



Ammonia (N H 4 0). 

1. Amnunua and its salti are 
volatile, 

2. All salts of ammonia are de^ 
eon^Mted with the liberation of 
firee ammonia, when any stronger 
base, such as Umet potath, or toda, 
is added to their solutions. If the 
liquid be gently heated, the am- 
monia is volatilised, and its pre- 
sence may then be recognised in 
three distinct ways. a. By its 
pungent odour, p. By turning 
red litmus paper hhte. y. By 
forming white Jtanee, when any 
volatile add, as hydrochloric add, 
is brought into contact with it.' 

3. Tartaric acid {2 H 0, 
CgH^O^, = 2 HO, T) produces 

in neutral or alkaline solutions of 
ammonia, a white crystalline pre- 
dpitate of BrrA&T]iATB_OF Am- 
monia (N H 4 0, H 0, T), which 

is rather more soluble in water 
than the coiresponding potash 
salt. 



4. Ammonia and its salts im- 
part to the blowpipe flame no 
characteristic colour. 



Potash (K 0). 

1. Potash and its 
salts are no/ volatile. 

2. When salts of 
potash are decomposed 
by a stronger base, the 
potash which is libe- 
rated not being volatile 
like ammonia, cannot 
be detected in a similar 
way. 



3. Tartaric acid 
throws down from neu- 
tral or alkaline solu- 
tions (Xf potash a white 
crystalline predpitate 

of BiTABTRATB OF 

Potash (KG, HO, T). 
This salt and the cor- 
responding one of am- 
monia, are soluble in 
free alkalies and free 
mineral adds. 

4. Potash and its 
salts tinge the outer 
blowpipe flame vio- 
let. 



Soda (NaO). 

*1. Soda and its salts 
9it not volatile. 

2. When soda salts 
are decomposed by a 
stronger base, the soda 
which ii liberated not 
being volatile like am- 
moi^ cannot be de- 
tected in a similar 
manner. 



3. Tartaric acid 
produces no predpitate 
in solutions of sods, bi- 
tartrate of soda being 
soluble. 



4. Soda and its salts 
impart to the exterior 
blowpipe flame an in- 
tense YBLLOW colour. 

Small quantities of 
soda can by this means 
be detected in the pre- 
sence of much potash, 
the yellow flame over- 
powering the violet. 



7 This experiment is best performed by inserting a glass rod moistened with 
hydiochk>ric add into the mouth of the test-tube in which the decomposition of the 
ftmmnnia salt has been efi^ected. The hydrochlorid add employed should not be 
concentrated, but should be diluted with an equal volume of water. 
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The following precautions are to he attended to in tie analysis 
of this group. In testing for ammonia, one error frequently 
committed is tliat of allowing the glass rod to remain so long in 
tlie heated atmosphere of the test-tube, that on its removal a 
sensible evaporation takes phice from its surface, which is mis- 
taken for the white frimes which are formed when any volatile 
add is brought in contact with ammonia. To avoid this error 
the solution which is under examination should be heated until 
it approaches the boiling point, but should not actually be boiled, 
and the moistened glass rod should, immediately after its inser- 
tion into the test-tube, be withdrawn. K any filming should then 
arise, it can only proceed firom the presence of ammonia, which 
must be confirmed by the other appropriate tests. The detection 
of potash by tartaric acid requires in the first place that the 
solution be neutral, and as concentrated as possible. The 
reagent must then be added in excess, and the fluid well agitated. 
The application of heat must be avoided, and time allowed for 
the appearance of the precipitate, as it becomes visible only 
after the lapse of some hours, when small quantities of potash 
are present. In testing for potash or soda by the blowpipe flame, 
it is necessary that the platinum wire should be perfectly clean. 
This can only be secured by directing the blowpipe flame upon 
it until it ceases to impart a colour ; care should then be taken 
not to touch, even with the fingers, that end of it on which 
the substance is to be placed. 

SPECIAL BEMABKS. 

1. Ammonia. This substance is a gas, transparent and 
colourless, of a very pungent and peculiar smell and taste. It 
is instantly absorbed by water, forming the solution of the gas 
called a^qua ammoni<s. When organic substances containing 
nitrogen decay and putrefy, carbonate of ammonia is con- 
stantly produced. The same salt is likewise formed when 
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nitrogenised orgatdc substances aie submitted to destructive 
distillation. 

When any volatile add is brought into an atmosphere of 
ammonia, they unite together, forming a solid salt ; this is the 
white fumes observed on testing ammonia. 

Bichloride of platinum (Pt Cls) produces in neutral and acid 
solutions of ammonia, a yellow crystalline precipitate, which is 
a double salt of chloride of ammonium and chloride of 

PLATINUM (NH4 CI, Pt Cls). 

2. Potash. This alkali and its hydrate when exposed to the 
air absorb moisture and carbonic add, the carbonate formed dis- 
solving in the absorbed water. Almost all the salts of this 
base are readily soluble in water. They are colourless provided 
the constituent acid be so. This alkali is an important con- 
stituent in many of our crystalline rocks. It exists there, in 
combination with silicic acid, alumina and iron, as a double 
salt of silicate of potash and silicate of alumina or 
IRON. The decay of these rocks is occasioned by the carbonic 
acid in the atmosphere decomposing the alkaline silicate. It is 
also found in the mineral kingdom as sulphate and nitrate 
OP POTASH ; the latter being saltpetre. 

Bichloride of platinum produces in neutral and acid solu- 
tions of potash, a yellow crystalline precipitate, a double salt 

of CHLORIDE OF POTASSIUM and CHLORIDE OF PLATINUM 

(KCl, Pt Cy. The presence of free hydrochloric add promotes 
the formation of this precipitate. It is slightly soluble in water 
but whoUy insoluble in alcohol. 

3. Soda. This alkali and its hydrate on exposure to the air 
attract moisture and become fluid, but absorbing carbonic acid 
again solidifies. The salts of this base, with a few exceptions, 
are very soluble. The means we have of detecting it are there« 
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fore iimited. It exists in the mineral kmgdom as chlobidx 
(kitchen Bali), sulphate {Olauber^s saU), bobate . (borax or 
Hncal), NiTBATB and cabbonatb. It likewise fonns a con- 
stituent of many siliceous hinebals. 

The best test for soda is the blowpipe flame, to which it 
imparts a yellow colour, caused by the reduction of the soda and 
the subsequent re-oxidation of the sodium. 

Antimoniate qf potash (KO, SbOs) produces in neutral or 
alkaline solutions of salts of soda, a white crystalline precipitate 
of ANTIMONIATE OP SODA (NaO, SbOs)« In concentrated 
solutions the precipitate is formed immediately ; but from dilate 
solutions it separates only after the lapse of some time. Violent 
agitation of the fluid promotes the separation of the precipitate. 
Acid solutions decompose antimoniate of potash, antimonic add 
being precipitated ; free acids must therefore be first neutralised 
with potash before this test can be applied. Antimoniate of soda 
is soluble in carbonate of potash ; if this substance be present 
in the solution it must be nearly saturated with acetic acid. 



SECOND GROUP. 

BABYTA. 8TB0NTIA. LIME. MAGNESIA. 

The members of this group are called alkalme earths. They 
are soluble in water in their pure (caustic) state, also as sulphides. 
Magnesia however is very sparingly soluble in water. Their 
solutions exhibit an alkaline reaction. 

The metallic radicals of these oxides are barium, atrontium^ 
calcium, and magnesium, all of which decompose water at the 
ordinary temperature. 

As magnesia differs so entirely from the other members of the 
group in its behaviour with reagents it has not been included in 
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the special table. The group is therefore suhdivided, the first 
division comprising babyta, stbontia, and lime, the second 
containing magnesia. 

FiBST Division. 

The precipitate produced by the general reagent must be 
dissolved in acetic add, and the solution divided into two parts, 
which we will call A and B. 

If the addition of a solution of sulphate of lime to the A por- 
tion produce an immediate precipitate, babyta is present. In 
the B solution the babyta must be separated, in order that an 
examination may be made for stbontia and lime; for this 
purpose chromaie of potash is to be added to the B solution, and 
it precipitates the babyta as ghbomate ; to the filtrate firom 
this precipitate must be added ammonia and oxalate of am- 
monia; if a precipitate be produced, it may be due to the 
presence both of stbontia and lime ; filter off, and after having 
washed the precipitate with water dissolve it in hydrochloric acid, 
dilute the acid solution with three or four times its volume of 
water, then add a small quantity of sulphate of potash. If a 
precipitate be formed after the lapse of a short time stbontia is 
present ; filter off, and to the filtrate add ammonia in excess; if a 
precipitate be produced, lime is present. 

If the addition of sulphate of lime to the A portion caused a 
precipitate only after the lapse of some time, it is probable that 
stbontia is present, and babyta absent. In this case dilute 
sulphuric add is to be added to the B solution to precipitate 
the STBONTIA, and to the filtrate must be added ammonia and 
oxalic add to precipitate the lime. 
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TABLE III. 

Behaviour op the SECOND GROUP with the Special 

Beagents. 



Baryta (B a 0). 

I. Su^hate qfUme (CaO, SO ^ 

precipitates baryta immediately, 
from its solutions in the form of 
Sulphate (BaO, SO,), inso- 
luble in adds and alkalies. 



2. Chromate of potaih (KO, 
Cr O,) produces in neutral and 
alkaline solutions of baryta, a pale 
yellow precipitate of Chromate 
OF Baryta (BaO, Cr O3), inso- 
luble in the alkalies and acetic 
acid. 

3. Sulphuric acid and the so- 
luble au^hates behaTe in the same 
manner in solutions of baryta as 
sulphate of lime. 



4. Ojcalic acid (H O, C, O3 = 

H O, O) produces only in con- 
centrated solutions of baryta, a 
white precipitate of Oxalate of Ba- 
ryta (BaO,0), soluble in acids. 
The addition of ammonia renders 
this reaction therefore more sus- 
ceptible. 



Strontia (Sr 0). 

1. Sufyhate of lime 
precipitates strontia 
tffter the k^itee qfeome 
time from its solutions 
in the form of Sul- 
phate (SrO, S O3), 

almost absolutely inso- 
luble in adds and al- 
kalies. 

2. Chromate of pot- 
ash produces no pred- 
pitate in solutions of 
strontia, Chromate of 
Strontia being so- 
luble. 



3. Su^huricacidtaid 
the soluble su^hates 
predpitate strontia 
completely frx>m its so- 
lutions in the form of 
Sulphate. The pre- 
dpitate will not appear 
immediatdy, unless the 
solution be Tery con- 
centrated. 

4. Oxalic acid pre- 
cipitates even from di- 
lute solutions of stron- 
tia a white predpitate 
of Oxalate of Strontia. 
The addition of am- 
monia promotes the 
formation of the pred- 
pitate. 



LiMK (Ca O). 

1. Su^hate of Ume 
produces no precqMtate 
in solutions of hme. 



2. Chromate of pot- 
ash produces no pred- 
pitate in solutions of 
lime, Chromate of 
Lime being soluble. 



3. Su^huric add 
and the alkaline sul- 
phates cause only in 
concentrated solutions 
of lime a partial pred- 
pitate of Sulphate of 
Lime, which redis- 
soWes completely in a 
large amount of water. 



4. OjcaUc add thioyfi 
down from neutral so- 
lutions of lime, even if 
highly diluted, a pred- 
pitate of Oxalate of 
Lime. The addition of 
ammonia renders this 
reaction more delicate. 
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7}h€ following precautions are to be attended to in the analyns 
of this group. The solation of sulphate of lime must always be 
added in the cold, as this reagent is less soluble in hot than cold 
water. Time must be allowed for the formation of the precipitate 
produced by this reagent in solutions of strontia, the formation 
of which is much promoted by agitation. In separating strontia 
from a solution by sulphate of potash, the liquid ought not to be 
filtered immediately, but a due time allowed for the complete 
separation of the precipitate from the solution. 

SPECIAL BEMABKS. 

1. Baeyta. This oxide is of a grayish-white colour, it 
combines with water, forming a hydrate (Ba O, HO). Both the 
oxide and its hydrate are soluble in water. The solution reacts 
strongly alkaline, and when exposed to the air absorbs carbonic 
acid, and becomes covered with a film of carbonate of baryta, 
the absorption continuing until all the baryta has been precipi- 
tated as carbonate. 

The salts of baryta are colourless provided the constituent acid 
be so. Most of them are insoluble in water, but they are all, 
with the exception of the sulphate, soluble in hydrochloric and 
nitric acid. The salts which are soluble in water do not affect 
vegetable colours, and are decomposed upon ignition, with the 
exception of chloride of barium. The sulphate {heavy spar) 
and the cabbonate (witherite) are the principal minerals of this 
oxide. 

HydrofluosUicic acid (HF, Si Fj) throws down, both from 
neutral and alkaline solutions of baryta, a white precipitate of 
silicofluobide of babium (Ba F, Si Fj) which appears only 
after much agitation. 

2. Stbontia. This oxide and its salts resemble, in their 
colour, solubility, and other properties, the corresponding com- 
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poundB of boyta. Hie hydnte of tliis oxide is however less 
•olnbk in water than the hydrate oi baiyta. The sui^phate 
(eeledme) and the carbonatb {dnmiiimUe) are the principal 
minenls of strontia. 

The CHLOUDK and niteate of stkontia are sohible in 
ah»hol, the oonesponding salts of baiyta are insoluble. K an 
alcoholic solution of either of these salts be ignited it will bum 
with a heauttfuL crimmm JUme which becomes more apparent on 
stirring the solution. 

Salts of strontia when heated on the platinum wire in the 
inner blowpipe flame impart a criauon colour to the outer 
flame. 

3. Lime. This oxide and its salts resemble in their general 
behaviour the corresponding compounds of baiyta and strontia. 
The hydrate of lime is less soluble in water than the hydrates of 
strontia or baiyta ; it is also more sparingly soluble in hot than 
cold water. The solution absorbs carbonic acid from the air, the 
lime becoming converted into carbonate. The principal minerals 
of lime are the sulphate (ffypmm, selenUe Ca 0, S O3 + 2 aq) 
and (anhydrite Ca 0, S O9), the cabbonate (chalk, limestone, 
calcareous spar), the double cabbonate op lime and magnesia 
(dolomite) (CaO, COs)+ 3 (MgO, COj), and Jhe pluokide 
OP calcium (Jluor spar CaF). 

Chlobide op calcium and nitbate op lime are soluble in 
alcohol. The alcoholic solution of these salts when ignited bum 
with a yellomsh-red coloured Jlavfie, 

Anenite of ammonia produces in aqueous solutions of chloride 
of calcium, an immediate precipitate of absenite of lime. In 
solutions of chloride of barium or strontimn a precipitate is 
produced by this reagent only after the lapse of some time 
Should this test be resorted to for confirming the presence of 
lime, ammoniacal salts if present must first of all be removed from 
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the solution; because all the salts of arsenious add which are 
insoluble in water, dissolve in it if ammoniacal salts are 
present. 

Second Division. 

Magnesia. This oxide differs from the other members of 
this group, not only by its non-predpitation by carbonate qf 
ammonia in the presence of ammoniacal salts, but likewise from 
the difficult solubility of its hydrate and the ready solubility of 
its sulphate. The oxalate and chromate as well as some other 
salts of magnesia are soluble in water. The soluble magnesian 
salts have a nauseous bitter taste ; they do not alter v^table 
colours when in a neutral state, and, with the exception of sulphate 
of magnesia, they \mdergo decomposition when ignited. All the 
salts of magnesia which are insoluble in water dissolve readily in 
hydrochloric acid. Magnesia is found in the mineral kingdom, 
prindpally in the state of sulphate (epsom salts MgO, 
S O3 ^ H O -|. 6 aq), of carbonate, and in combination with 
SILICIC ACID in various proportions, forming the meerschaum, 
serpentine, &c. 

Ammonia predpitates from aqueous solutions of salts of mag- 
nesia, a portion as hydrate (MgO, HO). The rest of the 
magnesia remains in solution, with the salt of ammonia fonned 
as a double salt. The presence of salts of ammonia prevents the 
precipitation altogether. 

The Jixed alkalies and the other alkaline earths predpitate 
magnesia from its solutions in the form of hydrate. This pre- 
cipitate is soluble in salts of ammonia; the addition therefore of 
these substances, either before or after the precipitation, prevents 
or re-dissolves the precipitate fonned. 

Arseniate of ammonia (3 NH4O, AsOj), produces, in solutions 
of magnesia, a white predpitate of arseniate of magnesia 
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AND AMMONIA (2 MgO, NH4O, AsOc) wMcli is soluble in 
acetic and other weak adds. 

Phosphate of soda (2 NaO, HO, PO5) produces, in concentrated 
solutions of magnesia, a precipitate of phosphate of magnesia 
(2 MgO, HO, POs). A more insoluble magnesian salt may be 
produced by adding along with tbe phosphate of soda, chloride of 
ammonium and ammonia. The precipitate in this case being 

PHOSHATE OP MAGNESIA AND AMMONIA (2 MgO, NH4O, POj), 

which is soluble in free acids. 

Phosphate of magnesia and ammonia, and arseniate of mag- 
nesia and ammonia, are the only magnesian salts which are 
insoluble in aqueous solutions cont£dning salts of ammonia. 

If magnesia or any of its compounds, after being ignited 
strongly by the blowpipe flame upon a charcoal support, be 
moistened with nitrate of cobalt, and again ignited, the mass 
assumes, on cooling, a pale flesh colour. 



THIRD GROUP. 

ALUMINA. OXIDE OF CHROMIUM. PEOTOXIDE OF IRON. 
PEEOXIDE OF IKON. OXIDE OF ZINC. OXIDE OF MAN- 
GANESE. OXIDE OF NICKEL. OXIDE OF COBALT. 

All the members belonging to this group are insoluble in 
water, but they dissolve readily in the dilute mineral acids.® 
After ignition alumina, oxide of chromium, and the oxides 
OF IRON, dissolve with great difficulty, even in the concentrated 
mineral acids. In the state of sulphides they are insoluble, not 
only in water, but also in the alkalies and alkaline sulphides; 
but they are soluble (with decomposition) in hydrochloric acid, 

^ Sulphuric, nitric, and hydrochloric acids. 
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witli the exception of the sulphides of nickel and cobalt, 
which are almost totally insoluble in that acid, but dissolve 
readily in aqua regia. The sulphides of manganese and 
IBON are soluble in acetic and other weak adds. 

The metallic radicals of these oxides possess the following pro- 
perties : alumifmm and manganese decompose water at 212*' P., 
and chromium^ iron, zinc, nickel, and cobaU decompose it at a 
red heat, and at common temperatures in contact with strong 
adds. 

It has been shown, in treating of the general properties of 
this extensive group, that it may be classified in two distinct 
ways — ^the first method of division depending upon the predpi- 
tation of the members as sulphides or oxides — ^the other, 
on the solubility or insolubility of some of the members in an 
excess of ammonia, when ammoniacal salts are present. 

If the group has been predpitated by stUphide qf ammonium, 
the precipitate, according to its colour, must be examined by one 
of the two following methods. 

A. If the predpitate produced be black, all the substances 
must be sought for. Since black will obscure every other colour, 
aqua regia is employed as the solvent for this predpitate, for two 
reasons: first, to dissolve the sulphides of cobalt and 
NICKEL; lastly, to convert the pbotoxide of ibon into pbb- 
oxiDE. In whatever state iron may have existed in the original 
solution, it is always predpitated by wlphide qf ammonium as 
pbotosulphide. To the add solution, after it has been well 
boiled to expel the hydrosulphuric add, are to be added chloride 
of ammonium and ammonia, which predpitate alumina, oxide 

OF CHBOMIUM, and PEBOXIDE OF IBON, whilst the OXIDES OF 

ZINC, MANGANESE, NICKEL, and COBALT remain in solution. 
The predpitate and solution must then be separately examined. 
a. The predpitate, after being well washed to free it from 
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the ammonia, must be diasolyed in hydrocklork acid. A cold 
solution of caustic wda or potash being then added in excess, 
detennines the precipitation of the ibon. On boiling the filtrate 
from this precipitate, or the solution which has £edled to give 
a precipitate, oxide of chbohiuh is thrown down. To the 
filtrate fiN)m this precipitate, which may stiU contain alumina 
is to be added chloride qf ammofUum, or, what is better, after 
neutralising the alkaline solution by hydrochloric add add 
ammonia in excess ; alumina, if present, wiU be thrown down, 
on gently warming the solution after the addition of these reagents. 
6, Before examining the ammoniacal solution for the oxides 
OF ZINC, manganese, NICKEL, and COBALT, a trial experiment 
should be first made to ascertain whether any of these oxides are 
present. For this purpose add sulphide ofam$nonium to a small 
portion of the ammoniacal solution. If no precipitate be pro- 
duced they are all absent. If a precipitate be formed we ascer- 
tain by the black colour whether nickel and cobalt are present. 
When a precipitate has been produced caustic soda must be 
added to the remainder of the ammoniacal solution, and the 
whole boiled until all the anmionia has been expelled. The 
OXIDES OF MANGANESE, NICKEL, and COBALT, being insoluble 
in the fixed alkalies, are precipitated, whibt oxide of zinc, being 
soluble, remains in solution; from which solution it will be pre- 
cipitated on the addition of hydrosulphuric acid. The precipitate 
produced by the fixed alkalies, after being well washed, may be 
dissolved in hydrochloric acid; ammonia and carbonate of om- 
monia, being then added, throw down the manganese, whilst 
the NICKEL and cobalt remain in solution; to effect their 
separation, acidulate the liquid with hydrochloric acid, add cyanide 
of potassium in excess, and boil for some time. Filter, if neces- 
sary, and add dilute sulphuric acid. If a light greenish precipi- 
tate form, either immediately, or after the lapse of some time, it 
is a proof that nickel is present. Cobalt should be tested for 
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in the precipitate obtained by sulphide of ammomum in the trial 
experiment, with borax in the inner blowpq>e flame. Oxms of 
MANGANESE might Ckewise be tested for in the same precipitate, 
with carbomUe of wda in the outer blowpipe flame. Should 
MANGANESE be absent, to the hydrochloric solution of the oxides 
precipitated by caustic soda might be added at once cj^idi 
qf poiasmMm^ and the inyestigation conducted in the mamier 
described for nickel. 

B. If the precipitate produced by wlphide qf ammomum be 
wAUe Qt JkBkrcoUmred^ moN, nickel^ and cobalt must be 
absent. Hydrochloric add is to be employed as the solTcnt of 
this precipitate. To the acid sdution, after it has been well 
boiled to expel the hydiosulphuric acid, is to be added a cold 
solution of caudie soda in excess to precqdtate the manganese, 
if present. On boiUag the filtrate firom Uus precipitate, or the 
solution which has £uled to give a piecqatate, oxms of chko* 
MiUM is thrown down. On adding to the liquid, whidi has 
been fireed firom the manganese and chromium, hfdromUphmrie 
acid, ZINC, if present, will be piecq»itated. Chloride cfoMm/omntm 
produces in Uus filtrate a piecq»itate, if alumina be present. 

If the group has been divided by prec^tating, first of all 

ALUMINA, OXIDE OF CHEOMIUM, and PEBQXIDE OF IBON, by 

ofmnofita, and afterwards throwing down the rest of the members 
by ndpkide of ommommM, the precipitate produced by ammo^ 
ma must be treated according to A. a., and the precqutate by 
ndpkide qf ommomMm^ after being dissolved in add according 
to A. 6. 
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TABLE IV. 

Behavioub op THE THIKD GROUP 



Alumina (Al, O,^. 

1. This oxide tnd 
its hydrate .(Al, O,, 

3 HO) are cohurleis. 



2. Amnumiay even 
in the presence of 
its salts, precipitates 
Alumina, in the form 
of Hydbatb, which 
an excess of the re- 
agent doee not re- 
dissoWe. 



3. The fixed Atka- 
ties throw down Alu- 
mina from its solu- 
tions, in the form of 
Hydrate, which it 
e(^nble in an excess of 
reagent, from which 
solution it may be 
again precipitated on 
the addition of Chlo- 
ride qfAmmonhim, 

4. Carbonate of 
Ammonia precipi- 
tates from solutions 
of Alumina the Hy- 
drate. This preci- 
pitation is attended 
with an evolution of 
carbonic add. 



Oxide of 

Chromium 

(Cr, O,). 

1. This oxide is 
green and its hydrate 
(Cr, O,, 3 HO) a 

bhtiih green powder. 



2. Ammonia^ even 
in the presence of its 
saltSfpredpitates this 
oxide in the state of 
Hydrate, which an 
excess of the reagent 
doee not redissoWe. 



3. The fixed AU 
kaUee throw down, 
from solutions of this 
oxide the Hydrate, 
which is soluble in an 
excess of the reagent 
in the cold, but on 
boiling the solution, 
it is again precipi- 
tated. 



4. Carbonate of 
Ammonia precipi- 
tates from solutions 
of this oxide the 
Hydrate, carbonic 
acid being given off. 



Oxides of Iron. 

I. Protosulphide of Iron (Fe S) is always 
formed when sulphide of Ammonium is 
added to any per-or protosalt of Iron. It 
is of a black colour^ which rapidly becomes 
broum on exposure to the air. 



Peroxide of Iron 
(Fe, O3). 



2. Ammonia, even 
in the presence of its 
salts, precipitates this 
oxide from its solu- 
tions, in the form of 
^e red brown Hy- 
drate (Fe^Oj, HO), 

which an excess of 
the reagent does not 
redissolve. 

3. The fixed AUta- 
lies precipitate from 
solutions of this oxide 
the Hydrate, inso- 
luble in an excess of 
the reagent. 



4. Carbonate of 
Ammonia precipi- 
tates from solutions 
of this oxide the Hy- 
drate, carbonic add 
being given off. 



Protoxide of 
Iron (Fe O). 



2. Ammoniaf but not 
in the presence of its 
salts, predpitates the 
Hydrated Prot- 
oxide (FeO, HO) 
from solutions of the 
protosalts of iron, 
which an excess of 
the reagent does not 
redissolve. 

3. The fixed AVka- 
lies predpitate fit)m 
solutions of this oxide 
the Hydrate, inso- 
luble in an excess of 
the reagent. 



4. Carbonate of 
Ammonia predpi- 
tates from solutions 
of this oxide the 
Protocarbonatb 
(FeO, CO,), solu- 
ble in chloride of am- 
monium. 



The fixed alkaline carbonates throw down from their solutions all the members of 
this group, some as oxides, the rest as carbonates. An excess of the reagent does not 
redissolve the predpitate. 
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TABLE IV. 
WITH THE Special Reagents. 



OxiDB OP Zinc 

(Zn O). 

1. Sulphide of Zinc 
(ZnS),]ike the oxide, 
is colourless. 



2. Ammonia pre- 
cipitates from solu- 
tions of Zinc the 
Htbkatbd Oxide 
(Zn O, H O), which 
is sohtble in an ex- 
cess of the reagent. 



3. The fitted AUta- 
ties precipitate from 
solutions of this oxide 
the Hydrate, soht- 
ble in an. excess of the 
reagent. 



Oxide of Manga- 
nese (Mn O). 

1. Sulphide of Man- 
ganese (Mn S) is 
jflesh - coloured, but 
becomes brown on 
exposure to the air. 



4. Carbonate of 
y^mmonta produces a 
precipitate in so- 
lutions of Zinc, easily 
soluble in an excess 
of the reagent. 



2. Ammonia, but 
not in the presence 
of its salts, precipi- 
tates this oxide from 
its solutions in the 
form of Hydrate 
(Mn O, H O), which 
an excess of the re- 
agent does not re- 
dissolve. 

^. The fixed Alia- 
Ues precipitate from 
solutions of Manga- 
nese the Hydrate, 
insoluble in an excess 
of the reagent. 



4. Carbonate of 
Ammonia produces, 
in solutions of Man- 
ganese, a precipitate 
of the white Proto- 

OARBONATE (Mu O 

C O g), insoluble in 

an excess of the re- 
agent. 



Oxide op Nickel 
(Ni O). 

1. Sulphide of 
Nickel (NiS) is 
black. 



2. Ammonia pre- 
cipitates from solu- 
tions of Nickel the 
Green Hydrate 
(NiO, HO), which is 
easily soluble in an 
excess of the reagent. 



3. The fixed Alka- 
lies precipitate from 
solutions of Nickel 
the Hydrate, inso- 
luble in an excess of 
the reagent. 



4. Carbonate of 
Ammonia produces, 
in solutions of Nickel, 
a pale yellow colour- 
ed PRECIPITATE, 

readily soluble in an 
excess of the re- 
agent. 



Oxide op Cobalt 
(Co O). 

1. Sulphide of Co- 
balt (Co S) is black. 



2. Ammonia pre- 
cipitates, from solu- 
tions of Cobalt, a 

LIGHT BLUB PRE- 
CIPITATE, which is 
easily soluble in an 
excess of the re- 
agent. 



3. The fixed Alka- 
lies produce, in so- 
lutions of Cobalt, a 

BLUISH GREEN PRE- 
CIPITATE, which be- 
comes red on boiling; 
an excess of the re- 
agent does not re-dis- 
soWe it. 



4. Carbonate of 
Ammonia produces, 
in solutions of this 
oxide, a pink pre- 
cipitate, readily so- 
luble in an excess of 
the reagent. 



The alkalies fieul to precipitate the members of this group in the presence of non- 
volatile organic matter, such as starch, sugar, tartaric add, &c. 
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The folhmng precautions are to he attended to in the anahfM 
of this group. Dissolve the precipitates in as little add as pos- 
sible; for this purpose, pour the acid, small quantities at a time, 
in a boiling state upon the precipitate collected upon the filter. 
If the precipitate be very large, remove it firom the filter into an 
evaporating dish, before adding the acid. When sulphides are 
dissolved in hydrochloric acid, hydrosulphuric acid is produced; 
before adding any alkali to the solution, this gas must be re- 
moved by boiling. If this be neglected, an alkaline sulphide 
wiQ be produced, which will precipitate the substances present 
as sulphides. To ascertain when all the gas has been expelled, 
hold a paper, moistened with a solution of a salt of lead, 
over the mouth of the tube. If the paper be not blackened, 
all the gas has been volatilised. The solution, after the addition 
of chloride of ammonium and ammonia, ought to be warmed. 
When much oxide of chromium is present, a small quantity will 
dissolve in the ammonia, and will impart to the fluid a puce-red 
tint. When this occurs, it is difficult to remove the last traces 
of chromium firom the solution. If warming the solution fail, 
it must be evaporated until the separation takes place. Fre- 
quently a greater or less quantity of oxide of manganese will 
precipitate along with the alumina, oxide of chromimn, and 
peroxide of iron. This precipitate is occasioned by the solution 
of the protoxide of manganese absorbing oxygen firom the air, 
and becoming converted into a higher oxide, which is insoluble 
in ammonia in the presence of ammoniacal salts; this oxide is 
likewise insoluble in the fixed alkalies. On re-dissolving the 
precipitate by) ammonia in hydrochloric acid, and then adding 
caustic soda, if a precipitate be produced, it is necessary to 
ascertain by further tests whether it be due to the presence of 
iron or manganese. On adding caustic soda to the ammoniacal 
solution, which may contain the oxides of manganese, nickel, 
cobalt, and zinc, and boiling, a small precipitate will fire- 
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quently be fonned, if only zinc be present. This is oocasioned 
by the caustic alkali haying absorbed some carbonic acid from 
the atmosphere and become partially converted into carbonate, 
which causes a partial precipitation of the zdnc. 

SPECIAL BEMABKS. 

1. Alumina. This substance is very abundant in nature. 
It forms, not only the basis of common clay, but is likewise a 
principal ingredient in many of the precious stones. Along with 
slight traces of silica and peroxide of iron, it forms the cobundum, 
SAPPHIBE, BUBY, DiAMANT SPAB, &c. As hydrate, it is known 
under the names of diaspobe and gibbsite. Combined with 
silica and gludna, it forms the emebald, bebyl, euclase, and 
CHBYSOBEBYL. When pure it is white, but it frequently possesses 
a yellowish tint when obtained by drying the hydrate. Its salts 
are colourless, the soluble ones redden Htmus paper, and lose their 
acids upon ignition. The sulphide of aluminum cannot 
exist in contact with water, being decomposed into alumina and 
hydrosulphuric acid. 

K alumina or any of its compounds be ignited upon charcoal 
by the blowpipe flame, afterwards moistened with a few drops of 
protonitrate of cobalt, and again strongly heated, the mass 
assumes a blue goloub on cooling, which is characteristic 
of alumina. 

2. Oxide ob sesquioxide of chbomium. The colour of 
this oxide is green; its hydrate is bluish grey. The solution of its 
salts possess a beautiful green colour by reflected, and reddish- 
violet colour by transmitted light. Sulphide of chromium is 
decomposed in contact with water into oxide of chromium and 
hydrosulphuric acid. The principal mineral from which this oxide 
is extracted is the chbome ibon (FeO, CraOs), which is found 
principally in Sweden, in the Uralian Mountains, and in America. 



48 THE SPECIAL FBOPEBTIES 

When oxide of chromium or any of its compounds are fused 
with nitrate of potash, it becomes converted into a higher oxide, 
viz., GHBOMic ACID, which, combining with the potash, forms 
yellow chromate of potash. This test distinguishes it at once 
from all other substances. 

Borax dissolves oxides of chromium and its salts, both in the 
inner and outer blowpipe flame; the bead, on cooling, assumes an 
EMEBALD-GREEN COLOUB. MicTocosmic Salt has the same effect. 

In the fixed alkalies a small quantity of oxide of chromium in 
the presence of a large quantity of peroxide of iron is totally 
insoluble; but a small quantity of the latter dissolves readily 
when a large quantity of the former is present. Under these 
circumstances, the two oxides are best separated from each other 
by fusing the mixed substances with nitre and carbonate of soda, 
and treating the fused mass with water; the chbomate of 
POTASH dissolves in the liquid, whilst the peboxide of ibon 
remains behind. 

3. Pbotoxide OB OXIDE OF IBON. The colour of this oxide 
is black; its hydrate is white, but when moist absorbs oxygen, 
and is converted into the peroxide. The salts of the protoxide 
are green, but their solutions exhibit this colour only when 
very concentrated. They turn blue litmus paper red, and 
are decomposed at a red heat. When dissolved, they absorb 
oxygen from the air, the oxide being thereby converted into per- 
oxide, which in a neutral solution is deposited as a yellow basic 
salt. Oxidising agents, such as chlorine and nitric acid, effect 
this conversion more speedily. 

Ferrocyanide of potassium produces, in solutions of protoxide 
of iron, a white precipitate of febbocyanide of ibon and 
POTASSIUM (2 Cfy, K, 3 Fe), which speedily becomes blue by 
absorbing oxygen from the air. 

Ferricyanide of potassium produces a beautiful blue-coloured 
precipitate of febbicyanide of ibon (2 Cfy +2 Fe), which is 
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insoluble in hydrochloric acid, but is decomposed with precipita- 
tion of oxide of iron by potash. 

4. Peroxide or sesquioxide of iron. This oxide, which 
is abundantly spread through nature, has received from mine- 
ralogists the name of hematite. It is of a brownish-red colour, 
and is well known as rust of iron. Its salts usually possess a 
reddish-yellow colour. The soluble neutral salts of mineral adds 
redden Htmus paper, and are decomposed by heat. 

Soluble SULPHOGTANIDES give to neutral and add solutions 
of persalts of iron an intense blood-red colour. 

Ferrocyanide of potassium throws down, even from highly 
dilute solutions, a beautiful blue predpitate of ferrocyanide of 
IRON (Prussian blue, re4, Cfyj), which is insoluble in adds, 
but is decomposed by potash. 

Ferricyanicle of potassium deepens the colour of the solution to 
a ruddy-brown, if much peroxide of iron be present; if only 
small traces be present, it renders the solution green. In no 
case does a solution of peroxide of iron yield a precipitate with 
this reagent. 

The ferrocyanides are decomposed by the mineral adds, form- 
ing green-coloured solutions. In testing, therefore, for iron in 
add solutions, it is necessary to avoid this error by the previous 
addition of an alkaline acetate. 

5. Oxide of zinc. The colour of this oxide is white, but 
becomes yeUow on being heated, regaining its original colour on 
cooling. The salts of zinc are colourless. The soluble ones 
redden litmus paper, and are decomposed by heat. The prindpal 
minerals of this metal are the anhydrous carbonate (calamine 
ZnO, COa) and the sulphide (zinc blende ZnS). 

When compounds of zinc, mixed with carbonate of soda, are 
subjected upon a charcoal support to the inner blowpipe fiame, 

8 
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metallic zinc is produced, which Tolatilises, and cm 
through the oxidisiiig flame becomes again conTeried into 
oxide. The charcoal support becomes incnsted with this 
oidde, which is of a yellow colour while hot, and toina white on 
cooling. 

If a compound of sdnc be moistened with jn^oUmUraU ofeahaU 
and exposed to the outer blowpipe flame, a mass of beantifiil 
OB££N coLOUB wiU be produced. 

6. FaoToxiDE OF MANGANESE. Numerous oxides of man- 
ganese exist as natural productions, and a still larger number 
can be formed artificially. The only one treated of in this work 
is the first or lowest compound of oxygen with manganese. AH 
the others are reduced to this state by adding to their solutions 
hydrosulphuric acid or any other reducing agent. This oxide 
is of a greenish-grey colour, and its hydrate is white. Both, 
however, turn brown when exposed to the air, being converted 
into higher oxides. Its salts are of a pale rose colour, and 
are decomposed by heat. The most abundant source of man- 
ganese is the PEROXIDE, which exists in nature under a variety 
of forms. 

The smallest quantity of manganese can be detected in any 
of its compounds, by fusing them in conjunction with car- 
hmaie of soda and a small quantity of nitrate of potaak, upon 
platinum wire, in the outer blowpipe flame; manganate op 
SODA (Na O, Mn Og), which is of a bluish-green colouf, being 
produced. 

7. Oxide op nickel. The colour of this oxide is grey, its 
hydrate is green. Its salts likewise exhibit this latter colour, 
except when anhydrous ; in this state they are mostly yellow. 
The soluble salts redden litmus paper, and are decomposed at 
a red he^t. The principal minerals of this metal are the 
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▲BSENicAL NICKEL (Ni As) and the nickel glance (Ni Ss+ 
Ni As 2). 

Cyanide of potasdum throws down from solutions of nickel, a 
yellowish-green precipitate of cyanide of nickel (Ni Cy) 
which re-dissolves in an excess of the precipitant, a double salt 

of CYANIDE OF NICKEL and CYANIDE OF POTASSIUM (Ni Cy + 

KCy) being formed. On the addition of hydrochloric or sul- 
phuric acid to a solution of this double salt, the cyanide of 
NICKEL is re-precipitated, whilst the cyanide of potassium is 
decomposed, hydrocyanic acid being evolved. 

Oxide of nickel and its compounds give to beads of borax in 
the outer blowpipe flame a beddish-yellow tint. The addi- 
tion of nitre changes the colour to a bluish-pubple. 

8. Oxide of cobalt. The colour of this oxide is grey, its 
hydrate being pale red. The salts of cobalt, when anhydrous, are 
blue, in the hydrated state they are red. Their solutions exhibit 
this colour even when very dilute. The soluble salts redden 
litmus paper, and are decomposed by heat. The principal 
mineral of this metal is the bbight white cobalt (Co Asg + 
Co S,). 

Cyanide of potamum produces in solutions of cobalt a brown- 
ish-yellow precipitate qf cyanide of cobalt (Co Cy), which 
re-dissolves in an excess of the precipitant ; from this solution 
it is not re-precipitated on the addition of acids. 

The compounds of cobalt impart to beads of boraa, in both 
flames of the blowpipe, a beautiful blue coloub, which is a 
very characteristic test for this oxide. 
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The foUoteing Salts heiMg iiuoludle in Neutral amd Alkalme 
SolutUms, are precipHated along with the memders of tke 
Third Group when the Filtrate from the Sulphuretted Hydrogen 
Precipitate is neutralieed bg Ammonia^ 

PHOSPHATE OP ALUMINA, THE PHOSPHATES OF lEON AND THE 
PHOSPHATES AND OXALATES OF THE ALKALINE EAETHS WITH 
THE EXCEPTION OF OXALATE OF MAGNESIA. 

Phosphate of alumina behaves in the same way with 
reagents as pnre alinnina, with this exception, that it is insoluble 
in acetic add whilst pure ahimina is soluble. The presence of 
phosphoric acid when combined with alnmina may be detected by 
the following method. After haying dissolved the alnmina com- 
pound in a smaD. quantity of hydrochloric acid, tartaric acid 
must be added and then ammonia in exceaa. If on the addition 
of sulphate of magnesia to this solution a precipitate be formed, 
PHOSPHORIC ACID is present. When the quantity of acid present 
is small, the precipitate will not appear until after the lapse of 
some time ; in all cases the formation of the precipitate is much 
promoted by agitation. 

Phosphate of ieon behaves in the same way with reagents 
as the peroxide, with this exception, that it is insoluble in eu:etic 
acid in which reagent the latter is soluble. Sulphide of ammonium^ 
decomposes phosphate of ikon, precipitating the metal in the 
state of sulphide whilst the acid remains in solution in combina- 
tion with the ammonia. The phosphoric acid is therefore sought 
for in the filtrate and not in the precipitate, when sulphide of 

* The student will do well to omit this section of the group until he has 
had some practice in detecting the more simple combinations of add and 
base. 
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anunoniuin lias been employed as the precipitating reagent. The 
same method may be employed for the detection of phosphoric 
acid when combined with iron, as is employed when this acid is 
in combination with alumina. 

Phosphate of Iims (bone earth 8 CaO, POs) is soluble in 
aeeUe acid. This salt may be decomposed in several ways. 
•The following are those which are most applicable in qualitatiye 
analysis. 1. Dissolve the phosphate in a small quantity of 
hydrochloric add ; add to the solution acetate ^f poiaiik and 
after that a few drops ofperckhride qf iron. Phosphate of ieok 
will be precipitated, whilst the lime will remain in solution along 
with the excess of the perchloride of iron employed. To detect 
the lime, throw down the iron by sulphide of ammonium and 
add to the filtrate oxalic acid. If a precipitate be produced 
lime is present. 2. Dissolve the phosphate in a small quantity 
of nitric acid, add to tins solution protonUrate qf mercury and 
then ammonia slightly in excess ; phosphate of mercuby along 
with the excess of oxide of mercury will be precipitated 
whilst the lime will remain in solution, from which solution it will 
be thrown down on the addition of oxalic acid. Boil the mixed 
precipitate of phosphate of mercury and oxide of mercuxy in 
sulphide of ammonium ; filter, and to the filtrate add chloride qf 
ammomum and sulphate qf m^agneeia : if a precipitate be produced 
it proves the presence of phosphoric add. The above remarks 
upon phosphate of lime will apply to the corresponding salt 
of baryta, strontia and magnesia. 

Oxalate of lime is insoluble in acetic acid. By ignition 
this salt, like all the other oxalates, is decomposed, a carbonate 
being left. To separate the oxalic add from the lime, add to a 
nitric solution of this salt protonitrate qf mercury. Oxalate 
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OF MEBCUXT wiU be precipitated, whilst the lime in the state of 
nitrate wiU lemain in solution along with the excess of protonitrate 
of mercoiy employed. To detect the lime, precipitate the 
mercury by ammonia and add to the filtrate oxalic add. 
Oxalate of mercury is decomposed by boiling it in sulphide 
of ammonium, the metal being precipitated as solphide whilst 
the acid remains in combioation with ammonia, in which solution 
it may be detected on the addition of any soluble lime salt 
The above remaiks will apply to the corresponding salt of 

BABTTA and STEONTIA. 

When the insoluble salts contained in this section are to 
be looked for, the filtrate, from the hydrosulphuric acid pre- 
cipitate, after being boiled to expel the excess of that gas, must 
be rendered alkaliae by ammonia, and the precipitate produced 
examined according to Table Y, whilst the zinc, manganese, 
NICKEL, and COBALT must be thrown down from the ammo- 
niacal filtrate by sulphide of ammonium. 
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Tke faXUnomg precoMtumt €Bre to he aUatdei to m tke tmalfsU 
of tkU iectum. Before diBSohing Uie piecqiitate prodnoed by am- 
monia, it must be completely freed by washing firom all trace of 
that reagent. Frequently a small precipitate will appear after 
boiling the caostic soda solution, wben oxide of chromiam is 
absent ; the presaioe of this member must therefore in all cases 
be confinned by other tests. Almnina and phosphate of alumina 
are sometimes oyeilooked by the operator from his neglecting to 
add acetic add in excess. The precipitate produced by caustic 
soda, after being well washed, should be dissolved in as small a 
quantity of hydrochloric add as possible, to which solution a 
moderate quantity of tartaric add should be afterwards added, and 
finally ammonia in excess ; the solution ought, after the addition 
of these reagents, to be well agitated, and time allowed for the 
separation of the precipitate. In testing for phosphoric add in 
the ammoniacal solution, a predpitate will frequentfy be formed 
on the addition of sulphate of magnesia when phosphoric add is 
absent. To distinguish the phosphate predpitate from this, 
the predpitate produced ought to be dissolved in tartaric add, 
and ammonia added in excess. If a precipitate again appears, 
after agitating the liquid and allowing it to stand, it must be 
due to the presence of phosphoric add. The predpitate pro- 
duced by ammonia in the tartaric-add solution must be washed 
until all trace of hydrochloric add is removed, before dissolving 
it in dilute nitric add. A slight turbidness will generally be 
formed on the addition of nitrate of mercuiy to the nitric-add 
solution, even in the absence of oxalic add, owing to the nitric 
add containing a slight trace of chlorine. 

When substances are examined, the nature of which is a 
sufident proof that the phosphate and oxalate of baiyta and 
strontia must be absent, as in the case of natural and artificial 
manures, mis, etc., a simpler method may be employed for 
separating oxalate of lime, phosphate of lime, and phos- 
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PHATE OF MAGNESIA from eacli Other, than the one given in 
the Table. After separating them from all the other sabstances, 
dissolve the precipitate produced by ammonia in the tartaiic- 
acid solution, in a small quantity of hydrochloric add, and to 
this solution add acetate ofwda in excess. Oxalate of ume, 
if present, will be precipitated, whilst the phosphates of lime and 
magnesia will remain in solution. Filter, and to the iiltrate add 
oxaUc acid, which will precipitate the lime existing originally as 
phosphate in the state of oxalate. Phosphate of magnesia 
will be precipitated from this filtrate on the addition of amtnonia 
in excess. 



FOUETH GEOUP. 



pbotoxide of tin. feboxide of tin. oxide of antimony, 
absenious acid, arsenic acid, peroxide of gold, 
peroxide of platinum. 

All the members of this group possess, in a greater or less 
degree, the character of acids. Arsenious and arsenic acids are 
soluble in water, the rest are insoluble, not only in water, but 
likewise in nitric acid. They are all readily soluble in concen- 
trated hydrochloric acid. In the state of sulphides they behave 
with different reagents in the following manner : the protosulphide 
and bisulphide of tin, with the siQphide of antimony, are insoluble 
in nitric acid, but dissolve readily in concentrated hydrochloric 
acid ; whereas sulpharsenious.andsulpharsenic acids are insoluble 
in hydrochloric acid, but are easily soluble in concentrated nitric 
acid. These different sulphides are readily dissolved by the 
alkalies and alkaline sulphides, from which solutions they are 
again precipitated unaltered on the additon of any acid in excess. 
The sulphides of gold and platinum are insoluble both in hydro- 

§ 3 
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chloric and nitric add, but are easily soluble in aqua regia (a 
mixture of the two adds). They also diasolye with difficulty in 
the alkalies and alkaline sulphides. 

As gold and platinum are seldom met witib in ordinary analysis, 
and as many of their properties render them perfectly distinct 
from the rest of the members, it has been found of advantage to 
subdivide the group. The first division comprises the oxides 
of TIN, ANTIMONY, and AESENic; the second the oxides of gold 
and PLATINUM. 

First Division. 

The predpitate produced by the general reagent, after having 
been well washed, must be treated with a dilute solution of 
carbonate of ammonia. Both sulphides of absenic, being 
soluble in that reagent, will pass into solution, whilst the 
sulphides of ANTIMONY and TIN, being insoluble, will remain 
undissolved. The solution must be separated from the insoluble 
sulphides by filtration. If a yellow precipitate be produced on 
the addition of hydrochloric acid to the filtrate, one or both 
sulphides of ARSENIC must be present. The substance which 
was insoluble in carbonate of ammonia, after having been well 
dried, must be mixed with three parts of nitrate of arnmonia}^ 
and the mixture projected in small portions into a porcelain 
crucible containing two parts of nitrate of ammonia in a state 
of liquefaction. After all fuming has ceased, the residue should 
be gently ignited for a short time and then allowed to cool. 
The residue must be subsequently heated with a saturated 
solution of tartaric add. K complete solution takes place, 
OXIDE OF ANTIMONY Only Can be present. If a portion remain 

^^ When the amount of precipitate is so small that little or nothing can 
he detached from the filter, the precipitate as well as the filter, after 
having heen cut into small pieces, must he mixed up with the nitrate of 
ammonia, and suhsequently projected into the crucihle 
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undissolved by the tartaric add, it indicates the probable pre- 
sence of TIN. When complete solution does not take place, 
the Uquid must be filtered, and to the filtrate must be added 
hydrochloric acid and subsequently hydromdpkuric add. If an 
orange-red coloured precipitate be formed, oxide of antimony 
is present. The substance insoluble in tartaric add must be 
examined for tin by fusing it with carbonate of soda and cyanide 
of potassium^ as directed under the special remarks of the per- 
oxide of that metaL 

The following precautions must be attended to in anahfsing this 
grottp. The mixed predpitate must be agitated in a test-tube 
for a few seconds only, with a dilute solution of carbonate of 
ammonia,^^ and then quickly filtered. When only a slight trace 
of arsenic is present, the carbonate of ammonia solution, on the 
addition of hydrochloric add, will simply assume a slight yellow 
colour, no distinct predpitate being formed. When arsenic is 
present, the original solution must be examined to ascertain in 
what state it exists, whether as axsenious or arsenic acids. 



SPECIAL BEMABKS. 

Oxide of tin (Sn O). This oxide is black, its hydrate being 
white. Nitric acid and nitrates in a state of fusion convert it 
into the peroxide. The protosalts of tin are colourless, and are 
decomposed by heat. The soluble neutral salts redden litmus 
paper, and are decomposed, in the presence of much water, into 
soluble add, and insoluble basic salts. The addition of water 
therefore to the protosalts of tin produces a milkiness which dis- 

^^ According to Blyth, the dilate solution must be prepared by dis- 
solving one ounce of soUd carbonate of ammonia in twelve fluid ounces of 
^ater. Vid, Blyth's Outlines of Chemical Analysis. 



50 THE SPECIAL PB0PEBTIE8 . 

appears on the addition of hydiocldoric add. Sulphide of tin 
(SnS), is of a dark-brown colour. 

The alkaliea 'Kad their carbonates throw down from solutions 
of this oxide the hypbate (SnO, HO), which is easily soluble in 
solutions of the fixed alkalies, but insoluble in ammonia and the 
alkaline carbonates. 

All protosalts of tin are powerM reducing agents, from the 
great affinity they have for an additional quantity of oxygen. 
Many metallic oxides, such as the oxides of gold, silver, and 
mercury, are reduced to the metallic state in their presence, whilst 
other oxides, such as peroxide of iron and oxide of copper, are 
reduced to a lower degree of oxidation. 

Perchloride of gold produces in solutions of protosalts of tin, 
containing a small quantity of free nitric acid, a beautiM purple 
PEECipiTATE (purple of cassius). 

Peroxide of tin (SnOj). This oxide is of a Hght straw 
colour; its hydrate is white. Nitric acid converts metallic tin 
and its protoxide into the hydrated peroxide, which is deposited 
in the form of a white powder. A peroxide of tin is likewise 
precipitated from persalts of tin, on the addition of caustic soda 
to their solutions. These hydrates, although they have the same 
composition, are perfectly distinct in their chemical properties. 
The one formed by the action of nitric acid is insoluble, both 
in acids and the fixed alkalies; the other is soluble in these 
reagents. These modifications are capable of being transformed 
into each other. The insoluble one is rendered soluble by frision 
with the carbonated alkalies; the soluble is converted into the 
insoluble form by ignition. Bisulphide of tin (SnSa), is of a. 
yellow colour. The usual mineral of this metal is the peroxide 
{tin done Sn Oj). 

The alkalies and their carbonates precipitate from solutions of 
persalts of tin the hydrate, which is soluble in the fixed 
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caustic alkalies, but insoluble in ammonia and the alkaline 
carbonates. 

If per- or proto-compounds of tin be mixed witli equal parts of 
carbonate of soda and cyanide ofjiwtamum, and the mixed mass 
be subjected, upon a charcoal support, to the inner blowpipe flame, 
ductile metallic graim of tin will be obtained, unaccompanied 
by any incrustation upon the charcoal. 

Oxide op antimony (Sb Oj). This oxide occurs either in 
the form of white brilliant crystalline needles, or as a greyish- 
white powder, assuming the one or the other of these forms 
according to its mode of preparation. It fuses at a gentle red 
heat, and when exposed to a higher temperature volatilises un- 
altered. The solubility of this oxide in tartaric acid distinguishes 
it from the other members of the group. When fused along 
with nitrates, it is converted into a higher oxide (antimonic 
acid, Sb O5). 

Some of the salts of antimony are . decomposed by ignition; 
some are volatilised unaltered. The soluble neutral salts redden 
litmus paper. When treated with a large amount of water, they 
are decomposed into soluble acid and insoluble basic salts. In 
this respect they resemble the salts of bismuth, with this excep- 
tion, that the insoluble basic salts of antimony dissolve in tartaric 
acid, whilst the corresponding salts of bismuth are insoluble. 
Sulphide of antimony (Sb S3) is of an orange-red colour. The 
principal mineral, of this metal is the sulphide. 

The alkalies and their carbonates throw down from solutions 
of antimony a bulky precipitate of oxide op antimony, which 
is soluble in the fixed caustic alkalies and the alkaline carbonates, 
but insoluble in ammonia. 

If compounds of antimony, mixed with carbonate of soda and 
cyanide of potassium, be exposed, upon a charcoal support, to the 
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reducing flame of the blowpipe, brittle grains of metallic aniimony 
will be fonned, accompanied with a white incrustation on the 
charcoal. 

Absenious acid (AsOj). There are two varieties of this 
acid which are perfectly distinct in their physical characters and 
chemica] properties. One, from its appearance, is termed the 
vitreous, and the other the milky variety; when heated, they 
volatilise in white inodorous fiunes. Both kinds are more easily 
soluble in hot than in cold water. This acid is exceedingly 
poisonous, and being altogether inodorous, almost destitute of 
taste, and readily obtainable, is frequently employed as a poison. 
The best antidote is the moist and well-washed hydrated sesqui- 
oxide of iron. 

This acid unites with bases, forming a class of salts called 
arsenites, which are all insoluble in watQ^, with the exception of 
the alkaline arsenites. Sulpharsenious acid (AsSj) is yellow, and 
soluble, not only in the alkalies and alkaline sulphides, but like- 
wise in the alkaline carbonates. 

Nitrate of silver produces in neutral solutions of the arsenites 
a yellow precipitate of aesenite of silveb (2 AgO, AsOs), 
soluble in nitric acid and ammonia. 

Sulphate of copper produces in neutral solutions of the 
arsenites a yellowish-green precipitate of aesenite of gof- 
PBE (2 CuO, AsOs). 

If to a solution of arsenious acid, or an arsenite, caustic potash be 
added in excess, and a few drops only of a dilute solution oi sulphate 
of coppery and the liquid subsequently boiled, a red precipitate of 
suboxide of copper (CujO) will fall down, whilst the solution will 
contain aeseniate of potash. This test is particularly appli- 
cable in distinguishing arsenious from arsenic add. It cannot 
be employed with safety as a direct means for detecting arsenious 
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mad, as many ofgaidc tabstances poaaeu tbe pni p eriy of Tednang 
protoxide of copper to the state of suboxide. 

If diy anemous add be mixed with a little solid acetate of 
potash and cauetie potatk, and subsequently heated in a glass tube, 
a substance called alcaxsinz (Oxide dt cacodyl C4 H« As, O) 
win be fonned, which may be detected by its characteristic and 
disagreeable odour. 

Metallic copper, when boiled with an acidified mixture con- 
taining araemoos add, becomes coated with a sted-giey crust 
of metallic arsenic. As many other metallic oxides are under 
the same circomstances reduced to their metallic state, it is 
necessary to submit the crust to further examination. 

Antimony and arsenic, in their nascent state, combine with 
hydrogen, forming inflammable gaseous compounds which bum 
with a bluish-white flame ; water and oxide of antimony in the 
one case, and water and arsenious add in the other, being fonned. 
When free access of air is prevented, the hydrogen only is oxidized, 
metallic antimony and arsenic being deposited in a findy divided 
state. By adding, therefore, metallic zinc, strong sulphuric add 
and water to arsenious add, or to an arsenite in a flask provided 
with an evolution tube drawn out at the point, the zinc 
oxidises at the expense of the water and arsenious acid, whilst 
the metallic arsenic combines with the liberated hydrogen, forming 
arseninretted hydrogen (AsHj). Before lighting the gas, a 
reasonable time should be allowed for the expulsion of at- 
mospheric air. To obtain the metallic mirrors, a piece of 
porcelain should be depressed upon the flame, the mirrors pro- 
duced by arsenic being of a brown or steel-grey colour soluble in 
nitric add. Oxide of antimony and its compounds form, under 
similar drcnmstances, antimonuretted hydrogen (SbHg), which, 
when burnt in a limited quantity of air, deposits metallic anti- 
mony as a black spot without metallic lustre. It would be im- 
possible to dedde from the appearance of the mirror whether both 
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metals were present, or, if one only, which of the two. To obtain 
positive evidenoe the following method ought to be employed. The 
ooitral part of the glass tube (which ought to be free from lead) 
through which the gas passes should be heated to redness ; this 
effects the decomposition of the gaseous compound, the metal 
being deposited in a finely divided state. A feeble stream of diy 
hydrosulphuric-acid gas must now be transmitted through the 
tube, the metallic mirror being heated from its outward to its 
inward extremity. If only arsenic be present, the yellow sulphide 
of that metal will be formed. If antimony only be present, the 
orange or black sulphide of antimony will be produced ; but if 
both metals be present, the corresponding sulphides will be 
formed ; and the sulphide of arsenic being the more volatile of the 
two, wfll be the further removed from the flame. A stream of 
dry hydrochloric add gas must be passed through the tube without 
the application of heat, by this means the sulphide of antimony 
win be converted into volatile chloride, which will entirely dis- 
appear, whilst the sulphide of arsenic will remain unaltered, and 
may be distinguished from any sulphur which may have separated, 
by dissolving readily in ammonia. 

Arsenic acid (As Og). This oxide is white ; it is deliquescent 
and strongly add, forming with bases a class of salts called arse- 
niates which are all insoluble in water, with the exception of the 
alkaline arseniates. It fuses at a low red heat without under- 
going decomposition, but at a higher temperature is resolved into 
oxygen and arsenious add, which volatilise. Sulphurous acid, aided 
by a gentle heat, reduces it likewise to this lower state of oxidation. 
The metal arsenic is found in nature principally as sulphide. 

Nitrate of silver produces, in neutral solutions of the 
arseniates, a reddish-brown predpitate of arseniate op silver 
(3 Ag O, As O5), soluble in dilute nitric add and in ammonia. 

Sulphate of copper produces, in neutral solutions of the arseniates. 
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a greemsh-blue precipitate of asseniats of copper (8 Cu O, 
HO, AsOj). 

Sulphate qf magneMf in the presence of cMoride of ammo- 
ninm and ammonia, produces, in solutions of the arseniates, a 
white precipitate of abseniate of ammonia and magnesia 
(2 MgO, NH4O, AsO»), soluble in acids. 



Second Division. 

Gk)ld and platinum produce reactions so decisive — ^the former 
with chloride of tin and the latter with chloride of ammonium--* 
that their presence may invariably be detected in the presence of 
all the other metals. The original solution may therefore in all 
cases be examined for these substances. 

Peboxide of gold (Au Oa). This oxide is of a deep brown 
colour, its hydrate being somewhat lighter in colour. They both 
dissolve readily in hydrochloric acid, but are insoluble in dilute 
oxygen acids. Persulphide of gold (AuSs) is black. 

Protochloride (^ Tin produces, in solutions of gold oontaining 
a Httle free nitric add, a beautiful pubple pbecipitate, in^' 
soluble in hydrochloric add. 

Peboxide of platinum (PtOj). This oxide is of a deep 
brown colour, its hydrate is reddish-brown. Both the oxide 
and its hydrate dissolve readily in hydrochloric add, but with 
difficulty in the oxygen adds. Persulphide of platinum (Pt Sj) 
is of a blackish-brown colour. 

Cldoride of potamum or ammonium produces, in solutions of 
platinum, yellow ciystaUine precipitates of potassio-chlobid^ 
op platinum and ammonio-chlobidb op platinum. The 
presence of free hydrochloric add promotes the formation of these 
predpitates. 
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FIFrH GEOUP. 



OXIDE OF 8ILYBB* PBOTOXIBE OF MEBCUBY. OXIDE OF 
LEAD. PEBOXIDE OF MEBCUBY. OXIDE OF BISMUTH. 
OXIDE OF COPPEB. OXIDE OF CADMIUM. 

The oxides of tbis group are insoluble in water. Tbey all 
combine with nitric acid, forming soluble salts ; many of tbem 
likewise form, with hydrochloric and sulphuric add, soluble 
chlorides and sulphates ; but a few give, particularly with the 
former add, insoluble salts. This character permits of a sub- 
division of the group, which is fully exhibited under the head 
oi its general properties. 

In the state of sulphides they are insoluble, not only in the 
alkalies and alkaline sulphides, but likewise in the dilute mineral 
adds. They are therefore thrown down, both from their neutral 
add and alkaline solutions, by sulphuretted hydrogen. They 
are all decomposed and rendered soluble in boiling concentrated 
nitric add, with the exception of pebsulphide of mebcubt. 

The metallic radicals of these oxides possess the following 
properties : — Cadmium decomposes water at a red heat, and at 
oonunon temperatures in contact with strong adds. Copper, 
lead, and bismuth absorb oxygen at a red heat; their oxides 
are therefore not decomposed by heat alone. They do not 
decompose water but at a very elevated temperature, and even 
then very feebly. Neither do they decompose it in the presence 
of strong acids or bases. The affinity of mercury and silver for 
oxygen is very feeble, so much so that their oxides are decom* 
posed by heat alone, at a more or less elevated temperature. 
These metals do not decompose water, under any circumstances ; 
they have therefore no tendency to rust when exposed to the air. 

This group may, as before noticed, be divided into two sections. 

a. Oxides which are predpitated by hydrochloric add, viz., 

oxide of SILVEB, PBOTOXIDE of MEBCUBY, and OXIDE OF LEAD. 
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b. Oxides whicli are not precipitated by hydrochloric acid, 

▼iz., FEBOXIDE OF MEBCUBY, OXIDE OF BISMUTH, OXIDE OF 

CADMIUM, and oxide of coppeb. 

The slight solubility of chloride of lead in water renders it 
impossible to confine this member exclusively to the first section, 
a portion of the chloride, varying according to the amount of 
liquid present, always remaining dissolved. This is finally pre- 
cipitated along with the members of the second section on the 
addition of hydrosulphuric acid. If attention be paid to the 
following facts, they will frequently remove a source of much 
confusion. 1. If lead has been discovered in the first section, a 
precipitate must always be obtained on passing hydrosulphuric 
acid through the filtrate, even if no other member of the group 
be present. 2. If only a small quantity of lead be present, 
hydrochloric add may cause no precipitate, as a sufficient quan- 
tity of water may be present to dissolve the chloride formed. 
In this case, all the lead will be found in testing for the members 
of the second section. 

First section. Boiling water being poured upon the precipitate 
produced by hydrochloric add, will remove the chlobide of 
LEAD, if present, which is ascertained by sulphuric acid pro- 
ducing iQ the filtrate a predpitate of sulphate of lead. If a 
residue remara after removing the chloride of lead by adding 
successively to the mixed chlorides fresh quantities of boiling 
water, until the last washings give on the addition of sulphuric 
add no further predpitate, it proves that either chloride of 
silver or protochloride of mercury (calomel), or both, must be 
present. Amnuma being added to this residue dissolves the 
chlobide of silveb, whilst the chlobide of mebcuby is 
converted into a Uach compound. To detect the chlobide of 
silveb in the ammoniacal solution, nitric acid must be added in 
excess, which, by destroying the solvent, causes the chlobide 
of silveb (if present), to be re-predpitated. 
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Second section. The precipitate produced by the general re- 
agent must be boiled in a small quantity of concentrated nitric 
acid. K it all dissolves, with the exception of a light yellow 
mass of sulphur, peroxide of mercury is absent ; but if, after 
boiling for some time, the undissolved mass presents a black 
appearance, it points out the probable presence of that member. 
To the acid solution, after it has been filtered and evaporated 
nearly to dryness, so as to remove the greater part of the firee 
acid, must be added a Kttle water and then a few drops of dilide 
sulphuric acid, which will precipitate the lead as sulphate. 
Ammonia being added in excess to the filtrate throws down the 
BISMUTH. The ammoniacal filtrate, after being slightly acidu- 
lated with acetic acid, must be divided into two portions. To 
one portion is to be added carbonate of ammonia, and heat 
applied; by this means the cadmium, if present, wiU be pre- 
cipitated. Copper is discovered, if it has not been already 
manifested by the blue colour of the ammoniacal solution, by 
ferrocyanide of potassium producing in the other portion of the 
solution a brownish-red coloured precipitate. 

If a black residue remain after boiling the mixed sulphides in 
nitric acid, it must be collected upon a filter, to separate it from 
the other members, and specially examined for peroxide of 
mercury, by one of the two following methods : — 1. Dissolve 
the probable persulphide of mercury in as small a quantity of 
aqtia regia as possible. After nearly neutralteing this solution 
with ammonia, place a few drops of it upon a piece of clean 
copper. If mercury be present, the surface of the copper will, 
after the lapse of some time, exhibit a white stain, which pre- 
sents a metallic lustre when rubbed, and disappears on heating. 
2. The black mass, after being dried, must be mixed with three 
times its own weight of carbonate of soda, and heated in a small 
glass tube; mercury, if present, will sublime in the form of small 
metallic globules. 
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The following precauiiona mmi be attended to in analyeing ihit 
group. The means, both for separating and detecting the mem- 
bers of the first section, are so simple and positive, that no 
rules can be laid down for the student's guidance. The diffi- 
culties, which occur in examining the second section, will be 
easily overcome by a little attention. Many erroneous conclusions 
will be formed if the simple yet necessary precaution of washing 
the sulphuretted hydrogen precipitate be neglected, because a 
small quantity of the hydrochloric acid employed to precipitate 
the first section being left behind, will be converted, on the 
addition of nitric add, into aqua regia, which, by dissolving the 
persulphide of mercury, may cause that member to be overlooked; 
and should the mercuiy thus pass into solution, a compound of 
that metal will be precipitated on the addition of ammonia, which 
may be mistaken for bismuth. It is difficult to free the mass of 
sulphur, which separates on the addition of nitric acid, entirely 
from some of the undecomposed sulphides ; and which, by com- 
municating to it a black appearance, might lead to the belief 
that peroxide of mercury was present, even in the absence of that 
member. An experienced eye can generally distinguish between 
this mixture of undecomposed sulphide and sulphur, and per- 
sulphide of mercuiy, the former being light and flocculent, whilst 
the latter is dense and heavy. But a safe and legitimate conclusion 
can only be arrived at, by examining it specially for mercury. A 
varying amount of sulphuric acid is always formed in dissolving 
the sulphides in nitric add, a portion of the lead will therefore 
be predpitated as sulphate, and remain behind mixed up with the 
substance insoluble in nitric acid; it is necessary, on this account, 
to examine the insoluble mass for this member, if it should not 
be met with in its proper place. A predpitate will be formed on 
the addition of ammonia to the nitric solution, if either of these 
reagents contain a trace of iron, but this predpitate cannot be 
mistaken for bismuth if a confirmatory test be applied. 
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SPECIAL BEMABKS. 

1. Oxide op silver. The colour of this oxide is brown* 
It is very soluble in nitric acid; it combines with ammonia, 
giving rise to a dangerous compound (fulminating silver). Many 
of the salts of silver are colourless and insoluble. The soluble 
ones do not affect vegetable colours, and are decomposed at a 
red heat. Many of them blacken on exposure to light, and they 
are all decomposed with the precipitation of metallic silver by 
many metals, such as zinc, iron, copper, etc., and other reducing 
agents. The principal minerals of this metal are the sulphide 
{jnlver glance AgS), the chloeide (horn silver AgCl), sulphide 
op silvee and aesenic (3 Ag S +A8 Sa), and sulphide of 
siLVEE and antimony (3Ag S+Sb Sj) ; silvee is also met with 
in the metallic state. It is likewise found in small quantities in 
most lead and some copper ores. 

When silver compounds, mixed with carbonate of soda, are 
subjected on charcoal to the inner blowpipe flame, brilliant 
metallic globules are produced, which are not attended with any 
incrustation. 

2. Oxide of lead. This oxide is of a yellow or reddish-yellow 
colour. In commerce it frequently goes under the name of mas- 
sicot, and when partially fiised is called litharge. The hydrated 
oxide is of a white colour, and it speedily absorbs carbonic acid 
from the air. The best solvent, both for the oxide and its hydrate, 
is nitric or adetic acid. The salts of lead are frequently insoluble, 
and are colourless, if the constituent acids be so. The soluble 
neutral salts redden litmus paper, and are decomposed at a 
red heat. The principal minerals of this metal are the sulphide 
(galena or lead glance PbS) and the caebonate (PbO, COj). 

Chromate of potash produces, in solutions of lead, a yeUbw 
precipitate of cheomate of lead (PbO, Cr O3), soluble in the 
fixed alkalies, but insoluble in nitric acid. 
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When lead oompounds, mixed with carbonate of wda, are 
exposed upon charcoal to the inner blowpipe flame, ductile 
metallic globules are fonned, accompanied with an incrustation 
which is yellow whilst hot, but becomes paler on cooling. 

3. PsoTOXiDE or SUBOXIDE OF MESCUBT. This oxidc is 
black ; it is decomposed by heat, the mercuiy volatilising in the 
metallic state. It forms no hydrate. The salts of the protoxide 
of mercury, when ignited, volatilise either with or without decom- 
position. The soluble neutral ones redden litmus paper, some 
of them are decomposed by much water into soluble add and 
insoluble basic salts. The colour of the neutral salts is white, 
the colour of the basic ones is yellow. They are reduced, like 
the silver salts, by many metals, such as zinc, iron, copper, &tc., 
and by other reducing agents, 

4. Peboxide or oxide of mebcuby. This oxide is obtained 
in the form of a crystalline mass, nearly black whilst hot (at 
a red heat it is decomposed and entirely volatilised) but of a 

light red when cold. Its hydrate is yellow. Both the oxide 

* 

and its hydrate are soluble in hydrochloric and nitric acid. 
The salts of the peroxide of mercury, when ignited, volatilise 
either with or without decomposition. The soluble neutral ones 
redden litmus paper. The sulphate and nitrate are decomposed 
in the presence of much water into soluble acid and insoluble 
basic salts. The metals and other reducing agents which decom- 
pose the protosalts, act in a similar manner upon the persalts 
of this metal. 

These two oxides differ not only in colour, but likewise in theij* 
behaviour with alkalies and hydrochloric acid ; the latter reagent 
is especially applicable for separating them when present in the 
same solution; protochloride of mercuiy (calomel) being inso- 
luble, whilst the perchloride (corrosive sublimate) is soluble. 

4 
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The cliaracteiistic tests for mercurial compounds have been 
given, when treating upon the detection of persulphide of mer- 
cury. The chief mineral of this metal is the pebsulphide 
{cinnabar) ; it is likewise met with in the metaDic state. 

6. Oxide of bismuth. This oxide is of a yellow colour; 
when heated, it acquires, for the time, a deeper tint ; it fuses at a 
red heat. Its hydrate is white. They are both readily soluble 
in the dilute mineral acids. Most of the salts of bismuth are 
decomposed at a red heat. They are colourless, provided the 
constituent acid be so. The soluble neutral salts redden litmus 
paper; and one distinguishing character which they possess is 
that of being decomposed by water into soluble acid and insolu- 
ble basic salts. This property is exhibited in the most decided 
manner by the chloride. To employ it as a confirmatory test, 
dissolve the precipitate in a small quantity of hydrochloric 
acid, evaporate nearly to dryness, and pour this solution into a 
large quantity of water. If bismuth be present, a milky turbid- 
ness will be produced. This metal is found principally in the 
native state. 

Chromate of potash throws down from solutions of bismuth 
the YELLOW CHBOMATE. This salt differs from the correspond- 
ing one of lead by its solubility in dilute nitric acid, and its 
insolubility in potash. 

When compounds of bismuth, mixed with carbonate of soda, 
are exposed on charcoal to the inner blowpipe flame, brittle 
metallic globules are] obtained, attended with a yellow incrusta- 
tion of oxide of bismuth. 

6. Oxide of cadmium. This oxide is of a brown or 
yellowish-brown colour: its hydrate is white. They are both 
easily soluble in the dilute mineral adds. The salts of cadmium 
are' colourless, provided the constituent add be so. Most of 
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them are soluble in water. The soluble neutral ones redden 
litmus paper, and are decomposed at a red heat. This metal 
occurs only in zinc ores. It is found as sulphide in zinc 
blende, and as oxide or carbonate in calamine. 

When compounds of cadmium, mixed with carbonate of soda 
or other reducing agents, are exposed on charcoal to the inner 
blowpipe flame, the charcoal becomes covered with a yellow or 
reddish-yellow incrustation of oxide of cadmium. 

7. Oxide op copper. This oxide is black; its hydrate is of 
a light blue colour. They are both readily soluble in the dilute 
mineral acids. Most of the salts of this metal are soluble in 
water. The soluble ones redden litmus paper, and are de- 
composed at a red heat. In their anhydrous state the salts are 
white ; in their hydrated state they are of a blue or greenish-blue 
colour, which their solutions exhibit, even when much diluted. 

This metal is sometimes found in the native state, but it 
chiefly occurs in combination with sulphide of iron, constituting 
the COPPER PYRITES (CugS-hFeaS,), and in blue copper ore 

or MALACHITE (2 CuO, CO3+HO). 

Fefrocffanide of potassium throws down, even from dilute 
solutions of copper, a reddish-brown precipitate of perro- 
CYANIDE OP COPPER (Cu, Cfy), which is insoluble in dilute acids, 
but is decomposed by the flxed alkalies. 

If bright metallic iron be introduced into a solution of a salt 
of copper, it becomes coated with a red deposit of that metal, 
provided the solution be neutral or only very slightly acid. 

When any of the compounds of copper, mixed with carbonate 
qfsoda, are exposed on a charcoal support to the inner blowpipe 
flame, metallic copper is obtained, unaccompanied with any 
incrustation on the charcoal. 
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CHAPTER V. 
THE GENERAL PROPERTIES OF THE ACIDS. 

All acids belong to one of two grand classes, which are dis- 
tinguished by the terms Orgaado and Inorgamc, 

The striking characteristic of the organic class of acids is the 
separation of charcoal, which attends their decomposition by 
heat, along with the conversion of the bases, with which they 
were combined (if alkalies or alkaline earths), into carbonates. 

Acids do not admit of that accurate classification into groups, 
as is the case with bases, many of them being members of more 
than one group. 

INORGANIC ACIDS. 

The inorganic acids treated of in the present work are divided 
into six groups. 

I%rst Group. The acids in this division are not only gaseous 
in their free state, but their affinity for bases is likewise feeble; 
their salts are therefore decomposed by most adds, the decom- 
position being attended with effervescencCy owing to the liberated 
acid assuming the gaseous state. On this accoimt they are 
always discovered at the very commencement of an analysis; 
for an evolution of gas must take place when hydrochloric acid 
U added to the substance under examination, if these adds are 
present. The evolved gas must be examined: 1, By the smell ; 
^) by paper moistened with a solution of acetate of lead; 3, by 
placing the thumb on the mouth of the test-tube, so that the gas 
may accumulate, and finally decanting it (taking care not to 
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allow any of tlie liquid to pass over along with it), into a another 
test-tube half Med with lime water. If, on agitating the liquid, 
a precipitate be formed, caebonic acid is present. The special 
properties just alluded to will be found detailed in the re« 
spective paragraphs of these adds. 

Positive proof will thus be afforded of the presence or absence 
of carbonic and hydrosulphuric add. Hydrocyanic add may, 
especially in the presence of much hydrosulphuric add, be over- 
looked in this way. The methods to be employed for its detec- 
tion in all cases will be afterwards stated. 

8ec(md Group, The adds contained in this group are de- 
tected in testing for the bases. Aesenious and absenic 
ACID, being predpitated by hydrosulphuric add, are classed 
amongst the bases; whilst the remaining add is reduced to a 
lower state of oxidation, viz., oxide of chromium, which forms a 
part of the third group of bases. The change of colour attend- 
ing this decomposition is so characteristic, that it cannot be 
overlooked by the most inexperienced student. The only thing 
which can cause the least difficulty or perplexity is the mistaking 
a green solution with a light-coloured predpitate suspended in it 
for a green predpitate. 

Third Group, It wiU be seen by referring to the Table that 
some of the adds already noticed form a part of this group. 
The examination is commenced by adding to a portion of the 
original solution chloride of barium ; if a predpitate be formed 
which is not entirely soluble in hydrochloric acid, sulphuric 
ACID is present; filter off from the insoluble sulphate of baryta, 
and to the filtrate add ammonia; if no precipitate ensue, the 
other adds (boradc add excepted) in the group cannot be 
present. Borate of baryta is soluble in ammoniacal salts, from 
which solution it is not precipitated on the addition of ammonia. 
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Arseniate and axsenite of baryta are likewise soluble in ammo- 
niacal salts, from whicb solutions ammonia fails to precipitate 
them, but their presence or absence will have been determined 
already. If any base is present, which is precipitated by am- 
monia, it must be removed before we can employ the alkali for 
pointing out whether any other add is present but sulphuric. 

All the baryta salts mentioned in the Table are colourless, 
with the exception of the gheomate, which is of AjnUe yellow 
colour. 

The following precautions must be attended to in exammnff for 
this group of acids. The first thing which claims attention is the 
state of the solution, viz., whether it be add, alkaline, or neutral. 
When it is add, ammonia must be added until it is slightly 
alkaline; should this cause a predpitate, filter off, and to the 
filtrate add chloride of barium; if no predpitate ensue on the 
addition of ammonia, add at once the baryta salt. Should the so- 
lution be alkaline, the alkalinity proceeding from one of the fixed 
alkalies, it would be better to neutralise with hydrochloric add 
before adding the chloride of barium. Nitrate of baryta must 
be substituted for chloride of barium, and the predpitate produced 
be digested with uitric add, when lead, silver, or protoxide of 
mercury are present. The predpitate must not be digested in 
imdiluted adds, because chloride of barium and nitrate of baryta 
are insoluble in concentrated acids, and would therefore separate 
from the solution. When carbonic add is present in the solution, 
it is better to get rid of it before adding the baryta salt; this is 
effected by adding to the solution hydrochloric add, and boiling 
for a short time; when all the acid has been removed add am- 
monia to neutralise the solution, and finally the baryta salt. 

Fourth Group, This group is merely a section of the last. 
The examination is commenced by adding to a portion of the 
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original solutioii chloride qf calcium; the precipitate produoed 
by this reagent after being collected upon a filter and washed, 
mnst be digested with acetic add. If complete solution ensue, 
HTDB0FLT70SIC ACID and OXALIC ACID are both absent. If 
the precipitate does not dissolve or at least not entirely, filter, 
and to the filtrate add ammonia. If a precipitate be formed 
it points out the probable presence of phosphobic acid; 
should no precipitate be formed that add must be absent, but 
BOSACic ACID may still be present, because borate of lime, 
like borate of baiyta, is soluble in ammoniacal salts. A special 
examination must therefore be made in all cases for boracic 
add. Hydrochloric add must be poured upon the washed 
piedpitate which was insoluble in acetic add. If it all dis- 
solves, it proves the presence of oxalic acid and the absence 
of HYDBOFLUOBic ACID. If the prcdpitatc be not entirely 
soluble the latter add must be present; the presence of the 
former is proved by ammonia producing a predpitate in the 
filtered liquid. 

The precautioM to be attended to are very similar to those 
given in the third group. The same plan must be pursued when 
the solution is acid or alkaline. Nitrate of lime must also be 
employed when silver, lead, or protoxide of mercury are present. 
When carbonic add is present it is better to get rid of it before 
addmg the reagent. When much sulphuric add is present, the 
solution ought to be diluted with water before adding the chloride 
of caldum, to prevent any sulphate of lime from precipitating. 
Arsenious and arsenic acids are predpitated by chloride of calcium 
from neutral solutions free from ammoniacal salts. To avoid the 
predpitation of these lime salts, add chloride of ammonium 
along with the chloride of calcium, when these acids are present. 

Fjfth Group. Nitrate of silver predpitates, along with most of 
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the acids previously noticed, the non-metallic elements chlorine, 
BBOMINE, IODINE, and the compound body cyanogen from 
their combinations with hydrogen and the metallic radicals. 

To a portion of the original solution must be added nitrate of 
silver. If a precipitate be produced it must be digested with 
nitric acid, which wiU dissolve all the silver salts, with the exception 
of the chlobide, cyanide, bbomide and iodide of silyeb. 
To ascertain still further which of these substances are present, 
the silver precipitate (insoluble in nitric acid) must, after being 
washed, be digested in dilute ammonia, the chlobide and 
cyanide of silyeb being soluble in that reagent will dissolve, 
whilst the bbomide and iodide of silyeb, being insoluble, will 
remain undissolved. To the solution, after it has been filtered 
to free it from the insoluble residue, must be added nitric add in 
excess. If no precipitate is formed, it shows the absence of 
chlorine and cyanogen. If a precipitate is formed, an examination 
must be made for chlorine tod cyanogen, as well as for bromine 
and iodine according to the methods described at page 98. 

Some of the adds give with solutions of silver characteristic 
coloured predpitates ; thus chbomate of silyeb is red, sul- 
phide OF silyeb black, abseniate of silyeb red, silicate 
of silyeb yellow or wkite, absenite, phosphate and iodide 
OF silyeb yellow, the rest of the acids give, with soluble silver 
salts, colourless precipitates. 

The follomng precautions must be attended to in analysing 
this group. The solution must be perfectly neutral: an add 
one is neutralised by adding ammonia slightly in excess, and 
then boiling the solution until all free alkali has been expelled. 
When a soluble sulphide or free hydrosulphuric acid is present, 
it is necessary before testing with nitrate of silver, to remove 
the sulphur compound by adding nitric add, and warming the 
solution. When sulphate of the protoxide of iron is present, 
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the silver salt will be reduced, metallic silyer being precipitated. 
This may be obviated either by converting the iron into peroxide 
or by removing it from the solution, by ammonia. 

The presence of the different adds, which the general reagents, 
chloride of barium, chloride qf calcium, and nitrate of silver have 
pointed out as existing in the solution, must be confirmed by 
the special tests. 

Sixth Group. A special examination must always be made for 
the acids contained in this group. 

Note. — When hydrocyanic, hydrobromic, and hydriodic acids 
have to be looked for in a substance insoluble in water, a por- 
tion of the original substance should be boiled in a solution of 
carbonate of soda ; by this means the insoluble salts are decom- 
posed, the acid passing into solution along with the soda, whilst 
the base remains behind in the residue. The soda solution must 
be rendered perfectly neutral by nitric acid, before testing for 
these acids. 
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Cabbonic Acid. (C O3). 

This acid exists at the common temperature and pressure as a 
colourless, inodorous and non-inflammable gas. Being heavier 
than the atmosphere in the proportion of 1*5 to 1, it can be 
decanted from one vessel to another like a liquid. It reddens 
blue litmus paper, which returns to its original colour as the acid 
volatilises. It is soluble in cold water, but when the solution is 
heated the gas escapes. 

The neutral alkaline carbonates are the only neutral salts of 
this acid which are soluble in pure water. AH the carbonates are 
decomposed in the presence of the other acids (hydrocyanic and 
hydrosulphuric acids excepted) with evolution of carbonic add. 

To detect carbonic acid add to the solution or soUd substance 
under examination hydrochloric add. Should any gas be evolved 
allow it to accumulate by placing the thumb on the mouth of the 
test-tube, and afterwards decant it (taking care not to allow any 
of the liquid to pass over along with it) into another test-tube 
half filled with lime water. A white precipitate of cabbonatb 
OF LIME will be produced, if carbonic acid is present. 

Many of the insoluble carbonates dissolve in water containing 
free carbonic acid, from which solutions they are precipitated on 
boiling, the free acid being expelled. It is in this state that 
most of the lime and magnesia in spring and river waters exist. 
The incrustations which are formed in the vessels in which such 
waters are boiled, are due to the precipitation of these carbonates 
occasioned by the removal of the free carbonic acid. Carbonic 
acid is best detected in waters by adding to them lime water ; 
by this means not only is the c abb on ate of lime which is 
formed precipitated, but also that which pre-existed in the solution. 
This process is employed on a large scale for softening hard 
waters (waters impregnated with earthy matter). 

AH the carbonates with the exception of those of the alkalies. 
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lose their add upon ignition, the metal being left either in an 
oxidised or uncombined state, according to its greater or less 
affinity for oxygen. The alkaline carbonates and bicarbonates 
affect test-paper in the manner of a free alkali. 

The following precautions must be attended to in testing for 
this acid. When the substance is in the solid state, a little water 
should be added prior to the acid to displace the air in its pores, 
otherwise an apparent effervescence will ensue which is due 
to the expulsion of atmospheric air. In the case of alka- 
line carbonates, the decomposing acid must be added in excess ; 
otherwise the carbonic acid set free may combine with some of 
the undecomposed carbonate, forming with it a bicarbonate, and 
thus prevent any effervescence from taking place. 



Hydkosxjlphueic Acid {Sulphuretted Hydrogen H S). 

This acid exists at the common temperature and pressure, as a 
colourless inflammable gas possessing a highly offensive odour 
resembling that of rotten eggs. It bums with a blue flame, the 
products of combustion being sulphurous acid and water. It is 
soluble in water, three volumes of which dissolve one volume of the 
gas : this solution reddens Htmus paper, and on exposure to the 
air is decomposed, water being formed, and sulphur in a highly 
divided state being separated. 

Most metallic sulphides dissolve with decomposition in hydro- 
chloric acid, in which case sulphuretted hydbooen is evolved, 
which, from its characteristic smell, is easily recognised. When 
the quantity is so minute that the smell fails to afford a suffi- 
cient proof it may be detected by holding a piece of paper 
moistened with a solution of any soluble salt of lead over 
the mouth of the test-tube, as a brown or black coating of 
sulphide of lead will be formed upon the paper. 
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When sulphides are dissolved in niiric or nitro-hydrochloric 
acid, 8ULPHUBIG ACID is formed along witli a separation of 
sulphur, which may be recognised by its colour, and also its 
behaviour upon ignition. In the case of sulphides therefore, 
which, from their insolubility in hydrochloric acid, must be dis- 
solved in nitric or nitro-hydrochloric acids, the sulphur is con- 
verted into sulphuric acid, and not given off as sulphuretted 
hydrogen. 

When the sulphides of the heavy metals are heated in contact 
with air, sulphurous acid is evolved, the metal being left in some 
cases uncombined, and in others as an oxide. The sulphides of 
the alkalies and alkaline earths are converted by this process into 
sulphates. 

Chromic Acid (CrOs). 

Chromic acid is a solid coloured acid occurring in the form of 
beautiful crimson needles, which deliquesce rapidly when exposed 
to the air, the solution possessing a deep red-brown tint. This 
acid is decomposed, upon ignition, into oxide of chromium and 
oxygen. All its salts are coloured; the neutral chromates pos- 
sessing a yellow, and the acid or bichromates a red colour. 
Most of the salts are insoluble in water ; they are nearly all so- 
luble in nitric acid. 

Chromic acid, whether in its free or combined state, is reduced 
by hydromlphuric acid to the state of oxide of chbomium; 
water and some oxide of sulphur is formed in this decomposition 
along with a separation of sulphur. The change of colour which 
attends this decomposition, viz., the conversion of a yeUow or 
red coloured solution to a green one, is so characteristic that it 
cannot be mistaken. 

Alkaline chromates may be prepared from insoluble chromates 
by ftising the latter in conjunction with alkaline carbonates. 
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Sulphuric Acid {OU of Vitriol) (HO, SO^. 

Anhydrous sulphuric acid (SOj) is a white featheiy crystalline 
mass, which when exposed to the air emits dense white fumes. 
It is destitute of acid properties until it has combined with water 
and passed into the hydrated state. The hydrated acid is a 
heavy, colourless, oily fluid, which possesses a strong affinity for 
water, producing when mixed with it a great degree of heat. Its 
affinity for water is so great that it decomposes organic sub- 
stances when placed in contact with them, removing their 
hydrogen and oxygen, whilst the carbon is left behind as a black 
coaly mass, a portion of which dissolves in the acid and com- 
municates to it a brown tint. K heat is applied, the carbon is 
oxidised at the expense of the sulphuric acid, carbonic add and 
sulphurous acid being formed : these facts may be illustrated by 
pouring some strong sulphuric add upon white sugar. Sulphuric 
add, at temperatures below its boiling point (572 E), displaces 
all other adds from their combinations with bases, but above 
that temperature it is itself displaced by the non-volatile acids. 

Most of the sulphates, with the exception of the sulphates 
of baryta, strontia, and lead, are soluble in water. The alkalLne 
sulphates and the three just named are the only salts of this 
add which are not decomposed on simple ignition. 

Sulphates in dilute solutions containing organic matter are 
gradually converted into sulphides. Water may therefore, after 
it has been kept a long time in a bottle, or any closed vessel, be 
found to contain sulphuretted hydrogen, although originally it 
was perfectly free from that gas. 

Sylphate of baryta, from its insolubility in acids, is at once 
distinguished from all the other baryta salts; any soluble salt 
of baryta \% therefore the best and most deHcate test for sul- 
phuric ACID. 

Insoluble sulphates are completely decomposed by fusion with 
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alkalme earbotuUeSy an alkaline sulphate bemg produced 
along with a caebonate or an oxide of the metal. 

When a sulphate, mixed with charcoal and carbanaie qf soda, is 
fused upon a charcoal support by the inner blowpipe flame, 
sulphide of sodium is produced. 1£ the fused mass moistened 
with water be placed upon a piece of silver, a brown stain of 
sulphide of silver will be formed. 

BoBACic Acid (B0|). 

This acid is best obtained by adding to a boiling concentrated 
solution of biborate of soda (borax), strong sulphuric acid until 
the liquor becomes sour to the taste: on cooliog, the greater 
part of the boracic acid separates from the solution in the form 
of colourless crystalline scales, containing water. When ignited, 
they fuse to an anhydrous glassy mass, which, on exposure to the 
air, absorbs water, swells, and becomes opaque. The hydrated 
acid is much more soluble in hot than cold water. When an 
alcoholic or an aqueous solution of this add is eyaporated, a 
portion of the add volatilises with the vapours of the solvent, but 
alone it is perfectly fixed at a red heat. One peculiar property 
which this add possesses is that of affecting turmeric paper in the 
manner of a free alkali; it acts however upon blue litmus paper 
like other acids. AH the borates, with the exception of the 
alkaline ones, are almost totally insoluble in pure water; they 
dissolve readily in adds, and in water containing ammoniacal 
salts. They are not decomposed upon ignition: they are colour- 
less, and all of them, even the add salts, manifest an alkaline 
reaction. 

An alcohoHc solution of boradc acid bums with a ffreen-coloured 
Jlame, which becomes more distinct upon stirring the mixture. 
To detect a borate, add to the substance under examination 
stron^f sulphuric add and alcohol or wood naphthay ignite the 
mixture subsequently. If a borate be present, the borders of the 
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flame will appear green, which becomes more distinct upon 
stirring, and the delicacy is further increased by repeatedly 
extinguishing and rekindling the flame. The only substance 
which at all interferes with this test is copper, the salts of which 
impart the same colour to the flame. This metal, if present, 
must therefore be got rid of by sulphuretted hydrogen, before 
testing for boracic acid. 

Phosphosic Acid (3 HO, PO4). 

Anhydrous phosphoric acid (PO5) appears under the form of 
white flakes, which rapidly absorb moisture from the atmosphere. 
It has a great affinity for water, with which it combines in three 
different proportions, forming three distinct acids, which have 
the following constitution — 

Tribasic phosphoric acid (3 HO, PO4). 
Bibasic phosphoric acid (2 HO, POi). 
Monobasic phosphoric acid (HO PO5). 

Each of these adds form with bases a distinct dass of salts. 

The tribasic add, which is the most important, is the only one 
treated of in this work. It appears in the form of colourless 
crystals, which deliquesce rapidly in the air. When strongly 
heated in an open platinum vessel it volatilises without a residue. 

The neutral phosphates, with the exception of the alkaline 
ones, are nearly all insoluble in water. The action of heat con- 
verts the tribasic phosphates into bibasic or monobasic salts, 
according to the number of atoms of basic water expelled. 

Sulphate of magnesia, or any soluble magnesian salt, produces 
in aqueous solutions of the phosphates, if concentrated, a white 
predpitate of phosphate of magnesia (2 MgO, HO,POfi). 
A salt much more insoluble in water is produced by adding chlo- 
ride of ammonium,ammonia,2sA then the magnesian salt; in this way 

PHOSPHATE OF MAGNESIA AND AMMONIA (2 MgO, NH4O, PO5) 
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is precipitated, which ia slightly soluble in pure water, but 
ahnost insoluble in water containing ammonia. In dilute solu- 
tions it only appears after much agitation and the lapse of some 
time. This test can only be applied when the phosphates are 
soluble in ammoniacal solutions. 

Acetate of lead produces a white precipitate of phosphate of 
LEAD (3 PbO, PO5) which is soluble in nitric acid. If this 
precipitate, after being dried, is heated in the outer flame of the 
blowpipe, it becomes distinctly crystalline on cooling. This 
test is very characteristic, not only on account of the ciystalline 
structure of the bead, but also £rom the circumstance that the 
phosphate of lead is the only salt of that metal which is not 
reduced to the metallic state when heated in the inner blowpipe 
flame. It is evident that, to render this test of any value, the 
phosphate of lead must be fireed thoroughly by washing &om aU 
acetate of lead. 

K a solution containing phosphoric acid be slightly acidulated 
with hydrochloric acid (if it is not already acid), and afterwards 
a few drops oipercMoride of iron be added, and finally acetate of 
8oda in excess, a white gelatinous precipitate of peephosphate 
or lEON (2 FeaOj 3 HO, 3 POg) will be produced, which is 
soluble in &ee mineral adds, but insoluble in acetic acid. 
Should the quantity of phosphoric acid be very minute, the 
precipitate will appear only after the lapse of several hours. 
Care must be taken not to add too much perchloride of iron, 
because perphosphate of iron is rather soluble in peracetate of 
iron. This test requires therefore the following modification, 
when large quantities of peroxide exist in the substance under 
examination. To the acid solution add acetate of soda in excess. 
and then boil ; by this means the whole of the iron wiU be thrown 
down in combination with acetic and phosphoric adds. After 
having filtered and washed the precipitate, digest it in sulphide 
of ammonium; by this means the iron is converted into insoluble 
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sulphide, whilst the phosphoric acid passes into solution in 
combination with ammonia. Test the ammoniacal filtrate for 
this add by means of chloride of ammonium and iulphaie qf 
magnesia. 

Oxalic Acid (HO, 0,0,, or HO, O). 

Oxalic acid crystalHses from its aqueous solutions in four- 
sided prisms. These crystab contain three atoms of water, of 
which one is essential (HO, 0,0,+ 2 aq). When wanned, the 
2 atoms of non-essential water (water of crystallisation), are 
given off, and the hydrate of oxalic acid remains as a white 
powder, which melts at 350^ and when further heated sublimes, 
a portion however being decomposed. It is very soluble in 
water, and highly poisonous. It is usual to place it in the list 
of organic acids, but since its salts upon ignition leave no car- 
bonaceous residue, it has been included in the list of inorganic 
acids. 

All the oxalates are decomposed at a red heat, the oxalic acid 
being resolved into carbonic add and carbonic oxide. If the 
base with which the add is combined be an alkali or an alkaline 
earth, it is left as a carbonate ; the other bases are left either in 
an oxidised or metallic state, according to their greater or less 
affinity for oxygen. 

Idme water and all the soluble salts of lime produce in solutions 
of oxalic add and the oxalates, even if highly diluted, a white 
precipitate of oxalate of lime, which is insoluble in acetic add. 

When concentrated sulphuric add is added to dry oxalic add 
or an oxalate, it withdraws the constitutional water in the one 
case and the base in the other from the anhydrous add (CsOs), 
which, being incapable of existing alone, splits up into cab- 
BONic ACID and cabbonig oxide. The two gases escape 
with effervescence, and if a light be applied as they issue from 
the mouth of the tube, the latter will bum with a blue flame. 
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Hydbofluoric Acid (H F). 

This acid ia best obtaiiied by tbe action of concentrated 
sulphuric acid on fluoride of calcium (fluor spar). The powdered 
mineral is gently heated with the add in a retort of lead, and 
the acid condensed in a receiver of the same metal. It is 
obtained in the form of a veiy volatile liquid, strongly add and 
corrosive, fuming in the air. It bums the skin like red-hot iron, 
causing a sore which is not easily healed. It is distinguished 
from all other acids by dissolving insoluble silicic add and the 
silicates; on this account it cannot be prepared or kept in glass 
vessels. 

To detect fluorine in a compound, take a plate of glass coated 
with bee's wax, which has here and there been removed by means 
of a pointed instrument, lay it upon a platinum crudble con- 
taining the pulverised fluoride and strong sulphuric acid, and 
then heat the platinum vessel for about a quarter of an hour. 
Upon removing the wax by means of turpentine, the exposed 
parts win be found etched into the glass. To keep the wax from 
melting, the upper siuface of the plate should be moistened with 
water, and the heat applied should not be too great. This 
method cannot be adopted when silicic acid is present. 

If nascent hydrofluoric add meet with siLicic add, the two 
compounds are mutually decomposed, fluobide of silicon 
(Si Fj), and water being formed. Should the compound 
examined contain therefore siHdc add as well as fluorine, 
fluoride of silicon, and not hydrofluoric add, will be disengaged 
by the sulphuric add. 

To detect fluorine in the presence of silidc acid, the compound 
under examination must be finely powdered, and treated witb 
strong sulphuric add in a dry tube. If the evolved gas be 
transmitted through a tube moistened within, the inner surface 
will become coated with a deposit of silicic acid, which will 
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render the tube less transparent. This deposit is occasioned by 
the decomposition which fluoride of silicon undergoes in the 
presence of water, viz., into silica and hydrofluosilicic acid 
(H F, Si FO. 

K a fluoride mixed with bisulphate of potash is heated in a 
test-tube, hydrofluoric acid is disengaged, which is easily detected 
by the etching of the glass. 

Silicic Acid (Silica Si Oa). 

This acid occurs in two modifications : the one is soluble in 
water and adds, the other is affected only by hydrofluoric acid. 
The soluble is converted into the insoluble form by heat, 
the insoluble modification is made to pass into the soluble by 
fui^on with the carbonated alkalies. On dissolving the fused 
mass in water, and adding to the solution hydrochloric acid, 
hydrated silicic add separates in a gelatinous form, which is 
soluble in water. The alkaline silicates are the only salts of 
this add which are soluble in water. 

On adding chloride of ammonium to a solution of an alkaline 
silicate a gelatinous predpitate ^^ takes place. 

The separation of silidc acid from an aqueous solution of a 
silicate on the addition of an acid, depends upon the amount of 
water present. If there is sufiident to dissolve it no separation 
takes place. To detect this acid in an aqueous solution a por- 
tion of the liquid ought to be evaporated to dryness along with 
some hydrochloric add, and the residue treated with water. If 
a gritty powder remains behind, it must be tested before the 
blowpipe with carbonate of soda for silica. 

The compounds formed by soluble silidc add, in combination 
with other bases, are insoluble in water, but are decomposed by 

13 Is this precipitate, which is always looked upon as hydrated silicic 
add, a silicate of ammonia, corresponding to the titanate of ammonia 
discovered by Rose ? 
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boiling hydrochloric or nitric acid, the silicic acid separating as 
a gelatinous hydrate, whilst the decomposing add combines 
with the liberated base. 

The combinations of the insoluble silicic add require to be 
fused with an alkaline carbonate, or treated with hydrofluoric 
add, to effect their decomposition. 

When silidc add is ^ed with carbonate of 9oda before the 
blowpipe, a transparent colourless bead is formed, while carbonic 
add is expelled. A small quantity of soda ought only to be 
employed, as an opaque bead is produced when it is added in 
excess. 

Hydeochloeic Acid {Muriatk Acid, H CI.) 

This acid is a transparent and colourless gas, of a pungent, 
add, suffocating smell, and fuming strongly with moist air. It 
is absorbed in large proportions by water, forming the common 
liquid hydrochloric add, which is a mere solution of the gas in 
water. 

When a chloride is heated with peroxide of manganese (MnOj) 
and sulphuric add, chlorine gas is evolved, which may be recog- 
nised by its ODOUE and geeenish-yellow coloue. 

When a chloride is heated with chromate of potash and con- 
centrated sulphuric acid, a brown gas is disengaged, which 
condenses into a blood-red liquid, cheomate of chlgeide of 
CHEGMIUM (CrClg, 2 CrOs). On the addition of ammonia in 
excess, the colour changes to a yellow, owing to the formation 
of neutral chromate of ammonia ; upon the addition of an add, 
the yellow changes to a reddish-yellow colour, owing to the 
formation of an add chromate. 

Hydegcyanic Acid (Prussic Acid, H, CjN, or HCy). 

This add is the hydrogen compound of the radical cyanogen 
(Ca N), which is itself a compound of carbon and nitrogen. 
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In its anhydrous state hydrocyanic acid is a colourless, vola- 
tile, inflammable liquid, possessing a strong odour resembling 
that of bitter almonds. Water dissolves it in all proportions : 
both in its concentrated and diluted state it speedily undergoes 
decomposition when exposed to the light. Being exceedingly 
poisonous, it requires to be used with care. 

The compounds of cyanogen with the metals of the alkalies 
and alkaline earths, are soluble in water ; their solutions possess 
an alkaline reaction, and are decomposed, with the liberation of 
hydrocyanic acid, by the weakest acid. 

If to a solution of free hydrocyanic acid or an alkaline cyanide, 
potash and a mixture of a^er- and protO'wU of iron be added, a 
greenish-blue precipitate will be produced, which, on the addition 
of hydrochloric add, will re-dissolve, Pruman blue precipitating. 

When free hydrocyanic acid is added to sulphide of ammonium 
containing an excess of sulphur, the acid seizes upon some of the 
ammonia and sulphur, forming with them sulfhocyanide 
OF AMMONIUM (NH4 Cy S,) which possesses, in common with 
all the other soluble sulphocyanides, the property of pro- 
ducing, with persalts of iron, a deep blood-red colour. This test 
may be applied in qualitative analysis in the following way. 
When a solution has to be examined for free hydrocyanic acid, a 
portion of the suspected liquid is placed in a watch-glass; 
another watch-glass, which fits it accurately, is inverted over it ; 
a drop of sulphide of ammonium, containing sulphur in excess, is 
placed in the centre of the inverted glass. After being allowed 
to stand for about ten minutes, the drop of liquid in the inverted 
glass is evaporated to diyness at a veiy low temperature, the 
residue re-dissolved in a drop of water, and tested for the sulpho- 
cyanide by means of perchloride of iron. When the cyanogen 
is in combination with some metal, sulphuric acid must be placed 
in the watch-glass, together with the substance suspected to con- 
tain the cyanide. 
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Hydeobeomic Acid (H Br). 

This acid resembles veiy closely in its properties hydrochloric- 
acid gas. It is decomposed by chlorine, bromine being set free, 
and hydrochloric acid formed. 

Bromates are decomposed by chlorine, nitric and concentrated 
sulphuric acid with the liberation of bromine, which communi- 
cates to the liquid a yellowish-red colour. Bromine is soluble 
in ether, and imparts an orange colour to starch paste. 

To detect bromine in any compound, pass chlorine gas through 
the solution, or add an aqueous solution of that gas ; the bromine 
being set free, will communicate a yellowish-red tint to the 
liquid, excepting the quantity be veiy minute. If the solution 
be now agitated with ether, it will remove all the bromine from 
the liquid, dissolying it, and forming a yeUow-coloured solution. 
If the ethereal solution be agitated with potash, the colour will 
disappear, bromide of potassium and bromate of potash being 
formed. By evaporating this solution to dryness, and ignit- 
ing the residue, the bromate of potash will be converted into 
bromide of potassium. On heating the bromide along with 
peroxide qf manganese and sulphuric add in a small retort, yel- 
LOWISH-EED VAPOUES wiU be evolved, unless the quantity be very 
minute. These vapours, when brought in contact with starch 
paste, win communicate to it an geange-yellow colour, 
which disappears on exposure to the air. 

Hydeiodic Acid (H I). 

This acid and its compounds resemble in their properties the 
corresponding compounds of chlorine and bromine. Many of the 
iodides of the heavy metals are more insoluble in water than the 
corresponding chlorides. 

Protonitrate of mercury throws down from solutions of the 
iodides, a yellowish-green precipitate of iodide of meecuey 
(Hgl). 
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PercMoride qf mercury throws down a red precipitate of 
PESiODiDE OF MEBCUEY (Hg I), which is soluble in an excess 
of the perchloride or of iodide of potassium. 

Soluble iolU of lead precipitate an oiange-ydlow precipitate of 

IODIDE OP LEAD (Pb I). 

Iodine, in a free state, forms with stareht even in highly 
dilate solutions, a purple precipitate of iodide op stauch. K 
the iodine is in a state of combination with hydrogen, or any 
metal, it is necessary to liberate it before applying the starch test. 

Nitric acid liberates iodine from its hydrogen and metallic 
compounds, nitric oxide being given off. The Hberated iodine 
communicates a brownish-yellow tint to the solution, and if it is 
concentrated, a portion of the iodine separates as a black preci- 
pitate. When solid iodides are heated with nitric add, the* 
iodine sublimes in the form of violet-coloured vapours, which 
condense upon the colder parts of the vessel as a blacldsh sub- 
limate. 

Chlorine gtM likewise liberates iodine from its combinations, 
but if added in excess they combine together, forming a colour- 
less compound (chloride of iodine). 

If iodides are heated with sulphuric acid and peroxide of man- 
ganese, the iodine sublimes in the form of violet-coloured vapours, 
which are easily recognised. 

To detect iodine in a compound, add to the solution nitric 
acidy and subsequently thin starch paste. The fluid wiU acquire 
a BLUE or blackish-blue tint, owing to the formation of 
iodide of starch. 

The best method of separating iodine from" its combinations 
in the dry state, and detecting it, is to introduce the compound 
into a flask, and add concentrated sulphuric acid, dose the flask 
loosely with a stopper, attached to which is a piece of paper 
moistened with starch paste. After the lapse of some hours this 
will acquire a blue tint. 

5 
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When a solution, containing 1 part of mlphate of copper and 
2^ parts of mlphate of the protoxide of iron, is added to a solu- 
tion of an iodide, a white precipitate of subiodide of coppeb 
(Cuj I) is formed. The sulphate of iron is added, to convert 
the sulphate of copper into a subsalt. 

When any compounds of the non-metallic elements — ^bromine, 
iodine, chlorine, and the compound body cyanogen— occur 
together in a mixture, it becomes a matter of some difOiculty to 
detect them. The following is perhaps the easiest and most 
satisfactory plan. The precipitate insoluble in nitric add is 
washed and treated with dilute ammonia, which dissolves the 
chloride and cyanide of silver if present, whilst the bromide and 
iodide of silver remain undissolved. 

Nitric acid is added in excess to the ammoniacal solution, 
which may contain the cyanide and chloride of silver. If a pre- 
cipitate is formed, it shows that one or both of them are present. 
A portion of the original solution is next examined, either by 
the Prussian blue test, or the sulphide of ammonium one, for 
cyanogen. If it is absent, the precipitate produced by nitric 
acid in the ammoniacal solution is due solely to the presence of 
chlorine. But should cyanogen be present, that portion of the 
silver precipitate which was dissolved in ammonia and repre« 
dpitated by nitric add is collected, dried and ignited ; by this 
means the cyanide of silver is decomposed, metallic silver being 
left, whilst the chloride of silver remains unaltered. On the 
addition of nitric acid to the residue, the metallic silver dissolves 
out, whilst if any portion is insoluble in the add, chloride of 
silver is present. To procure further proof of the presence of 
cyanogen, add hydrochloric add to the nitric-add filtrate ; this 
will precipitate the silver, originally in combination with the 
cyanogen, as chloride. 

To detect the bromine and iodine, examine the original solu- 
tion for the latter by means of nitric add and starch. If iodine 
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is found to be present, then, in another portion of the original 
solution, remove it, by means of a subsalt of copper, and to the 
filtrate add chlorine, and proceed in the appropriate way for the 
examination of bromine. 

NiTEic Acid (H O, N O,). 

The hydrate of nitric acid, when pure, is a colourless liquid, 
which fumes strongly in the air. It acts upon organic sub- 
stances, destroying them quickly if concentrated ; if they contain 
nitrogen, they are stained yeUow by this add. It oxidises all 
the metals, with the exception of gold, platinum, and some of 
the rarer ones, being itself reduced to the state of nitric oxide 
(NOs), which, in contact with the aur, is converted into red 
fumes of nitrous acid (N O4). All the oxides treated of in this 
work dissolve in this acid, with the exception of binoxide of tin 
and oxide of antimony. 

All the neutral nitrates are soluble in water, a few basic salts 
are insoluble in that Hquid. All the salts of this acid are decom- 
posed by ignition, the alkaline nitrates yielding oxygen and 
nitrogen, and the rest oxygen and nitrous acid. 

When nitrates are ignited in the presence of substances ca- 
pable of oxidation, a portion of the oxygen passes over to them, 
whilst an inferior oxide of nitrogen is evolved. In some cases 
the combination is attended with a violent detonation, in others 
vivid scintillations accompany the combustion. 

To detect nitric acid in a solution : add to it one-fourth of its 
volume of concentrated mlpkuric acid, and after the mixture has 
cooled, a crystal of sulphate of iron, the crystal or the Hquid im- 
mediately surrounding it becomes of a deep beown coloue. 
This colour is due to the formation of a compound of nitric 
oxide with the salt of iron, which is destroyed by heat, nitric 
oxide being given off. When any base is present, which is pre- 
cipitated by sulphuric acid, it ought to be thrown down by 



100 THE SPECIAL PBOPEBTIES 

dilute sulpliTirio add, and the liquid filtered before the test is 
applied. The liquid ought not to be agitated after the iron salt 
has been added. 

When nitrates are heated with concentrated sulphuric add, in 
the presence of copper turnings, nitbig oxide is evolved, which, 
in contact with the air, forms red fiunes, owing to its conversion 
into nitrous add. This experiment ought to be conducted ia a 
narrow test-tube. The colour is best observed by looking into 
the test-tube in the direction of its length. 

Chloeig Acid (H O, CI Oj). 

This add, in its concentrated state, appears in the form of a 
yellow oily Hquid, the odour of which resembles that of nitric 
add. 

All the chlorates are soluble in water. They are decomposed 
upon ignition, oxygen gas being given off. and a metallic chloride 
left. When heated along with organic substances they deflagrate 
with far greater violence than the nitrates. 

To detect this acid, add to a small quantity of the solid sub- 
stance under examination, a few drops of concentra;ted sulphuric 
acid in the cold. The chlorate will be decomposed, sulphate 
OF POTASH and peechlobate of potash (K O, CI O7) being 
formed along with a geeenish-yellow coloueed gas (chlorous 
add CI O4), which escapes. The application of heat must be 
avoided, and the quantities operated upon should be small, to 
prevent any loud and violent explosion taking place. 
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ORGANIC ACIDS. 

Organic adds cannot be detected with tlie same certainty and 
precision in qualitative analysis as the inorganic acids. The two 
which occur most commonly are the only ones which have been 
inserted. 

Taktabic Acid (2 HO, Cg H4 O^ or 2 HO, f). 

Tartaric acid occurs in the form of large colourless prisma, 
which are soluble in water, and have an agreeable acid taste ; if 
the solution is kept a short time it undergoes decomposition. 

Tartaric acid and tartrates evolve, when heated, a peculiar 
odour. 

Chloride of Barium produces in solutions of the tartrates a 
white precipitate of tautuate of bauyta, which is soluble in 
solutions containing ammoniacal salts. 

Chloride of calcium precipitates from solutions of the tartrates, 
a white precipitate of tabtbate of lime, which is soluUe in 
acetic add and solutions containing ammoniacal salts. It is 
distinguished from phosphate of lime and borate of lime by 
dissolving in a cold solution of caustic potash, from which 
solution it is predpitated on boiUng, and again redissolved as the 
liquid cools. 

Acetic Acid (HO, C4 H, 0, = HO, A). 

All the salts of acetic add are soluble, the salts of mercury 
and silvier are the least soluble. 

The persalte of iron impart to solutions of the acetates a 
blood-bed coloub. 

When acetates are heated with sulphuric acid and alcohol, 
acetic etheb is formed, which is readily distinguished by its 
characteristic odour. 
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CHAPTEE VI. 
EXAMINATION OF LIQUIDS AND SOLIDS. 

Peeliminauy Examination op a Liquid. 

The student, after he has passed tlurough the different groups 
of bases and acids in the manner previously described, commences 
the analysis of liquids, in which he has to look for all the different 
substances treated of in the work, with the exception of the 
organic acids.^ 

Before commencing the actual analysis, it is necessary to 
ascertain by preliminary experiments — 1. Whether there is any 
solid substance in solution. 2. Whether the solution is neutral, 
acid, or alkaline. 

1. lb ascertain whether there U any solid substance in solution. 
Evaporate by a gentle heat a portion of the Hquid to dryness on 
platinum foil. If no residue remain, it is probably pure water, 
which win be farther confirmed if it has no action upon test- 

^ The student will find it condudye to his success in many respects, 
if he does not engage in the detection of oiganic adds until he enters 
upon the examination of solid substances. He will, of course, in prae- 
ticCf haye always first to ascertain whether organic substances are 
really present or absent in a solution, before he commences the actual 
analysis, as the presence of fixed organic matter prevents the detection of 
many inorganic substances : he will likewise in practice have frequently to 
separate, by distillation, the liquid from the solid portion of a solution, in 
order to be perfectly certain that the fluid is water and not any other 
liquid. This he will ascertain by examining the distilled fluid, by the 
smell, taste, boiling pcnnt, specific gravity, &c. 
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paper. If a residue remain, which is completely volatilised when 
the temperature is increased, the only basic substances which 
can be present, are ammonia, mercury, arsenic and antimony. 
If the residue is not volatile, or at least not completely so, other 
substances besides these must be present. In both cases it is 
requisite to perform the next experiment. 

2. The solution is examined by well-prepared test-papers as to 
its neutrality, &c. Each of the three cases which may occur, 
and the conclusions to which they lead are considered in the 
paragraphs a, 6, and c. 

a. The solution is neutral, A large number of substances must 
therefore be absent, because the neutral salts of the greater 
proportion of the metals possess an acid reaction. The only 
salts, which are neutral to test-papers, are the salts of silver and 
manganese, and some of the salts of the alkalies and alkaline 
earths. The alkalies, alkaline earths, silver, and manganese are 
the only basic substances therefore which can be present ; but to 
distinguish still further, add to a portion of the solution carbonate 
of soda. If no precipitate ensue, the alkaline earths and the 
oxides of silver and manganese must be absent; but should a 
precipitate be formed, all these substances may be present. 

b. The solution is acid. The acidity may proceed from the 
presence of a free acid, an acid salt, or a neutral salt having an 
add reaction. To ascertain to which of these causes the acidity 
is due, place the end of a glass rod moistened with a solution of 
carbonate of soda, into a portion of the fluid in a watch-glass. 
If the solution becomes turbid and remains so, it is due to the 
presence of a neutral salt ; if it becomes clear again, the reaction 
is due either to an add salt or a free acid. Carbonates and 
sulphides cannot be present in an add solution. 

c. The solution is alkaline. The alkalinity may proceed from 
an alkaline carbonate, silicate, borate, or phosphate; or it may 
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arise from tlie presence of a &ee alkali or alkaline eartli, or from 
the cyanogen and sulphur compounds of these metals. If the 
alkalinity proceeds from ammonia or its carbonate/ a large number 
of substances (those which are insoluble in these reagents) must 
be absent. If it is due to the presence of the fixed alkalies or 
their carbonates, a still larger number of substances are excluded. 
If it is occasioned by the sulphides of the metals of the alkalies 
or alkaline earths, aU the metals whose sulphides are insoluble in 
water and alkaline sulphides must be absent. 

After the preliminary experiments haye been completed, the 
actual analysis must be commenced, by dividing first of aU the subr 
stances into groups, and these finally into individuals, as described 
in the former part of this work. The basic substances are first 
determined in analysis . When these have been discovered, correct 
conclusions may be drawn as to the acids which must be absent. 
If, for instance, baryta was found to be present in an aqueous 
solution, then the acids, which form with it salts insoluble in 
water, must be absent. 

The student should never employ the whole of the solution^t 
his disposal, but should always reserve a portion in the event of 
any unforeseen accident occurring, and for confirmatory expo- 
riments. ' 

If the liquid under examination contains inoiganic matter in 
suspension,^* the latter after being separated by filtration must be 
brought into solution according to the methods described under 
the head of solid substances. The solid and liquid portions 
ought in most cases to be examined separately. 

r 

^^ The method of preparing for analysis a solution which is thick or 
turbid from the presence of organic matter, is described under the head of 
" Solid Substances containing Organic Matter.'' 



/ 
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EXAMINATION OP SOLIDS. 

Fbeliminakt Examination of Solid Substances. 

The substance is first examined as to its lustre, colour, odour, 
and whether it is crystalline or amorphous, since these will 
frequently afford a means of classifying the substance. Thus, a 
metallic lustre will indicate probably a pure metal or an alloy. 
A blue colour will indicate the probable presence of some salt 
of copper, a crystalline structure the probable presence of a 
salt. 

The substance is next submitted to the different blowpipe 
operations described in the Table. In these experiments only 
small quantities of the substance in a state of powder must be 
employed, for if too much is operated upon, uncertain results are 
the consequence. 



3§ 
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TABL]E Vm. 

(1) — COUBSE OF BLOWPIPE OPERATIONS TO WHICH SUB- 
STANCES MUST BE SUBMITTED BEFOBE COMMENCING 
THEIB ANALYSIS IN THE HUMID WAY. 



Heat the substance in a glass tube, sealed at one end, by means 

of a spirit-lamp. 



Condenses on\ f Examine whether it has an aikaUne 

the cold sides > Watbb . . . . -^ or eund reaction ; if the farmer, 
of the tube .J (^ probably due to ammonia. 



A veUow sub i ri>ne either to its presence in the 

Krn.f<i ' r Sulphur ... J free state, or the partial reduc- 

^^^^ • ••' L tion of a sulphide. 

blackens I Oboanio Mattbr . . . Charcoal being left. 



Oxide of Antimony . . Sublimes without fusing. 

I A«o«^T,^,,a A«,« /Condenses in white 

VolataeOxides^_ Arsenious Acid . . .j ^^^^^^ 

\ „ ^ .^ A / Converted into arsenious 

Arsenic Acid . . . .j add and oxygen. 



Volatile Salts 



{VolatOised unaltered, except 
when the ^ Bin com. 
bmation with the fixed 
adds. 

Most Salts of Mercury J'^*"^^^'^^^**^^ ^^ °^ 

I mercury. 



If the substance is completely volatile, ammonia, mercury, arsenic, and 

antimony, need only be looked for. 
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(2) — C0UB8E OP BLOWPIPE 0PSBATI0N8 — COfUtnued, 

Heat the substance in a glass tube, open at both ends, held 

obliquely. 



White 
Sublimates . . 



Ammoniacal Salts. 
OxiOB OF Amtimont. 
Abssnious Acid. 
OxiDB OF Bismuth . . 



Mercubial Compounds. 



Chlorids of Lbad . . 



The substance ^ 
ilackeru . . 



OxiDX of Cobalt 
OxiDx of Copper 



TMelts into bxiowmsh 
< yellow drops when 
L heated. 



{Melts readfly when 
heated. 



fFoimed from the 
Sulphatb of Lead ....•< oxidation of the 

(^ sulphide. 



{ 



Oboanic Maiteb { 



Acid vapours 
evolved. 



Empyreumatic 
vapours. 



r Fluobides Etching the glass. 



Acid Vapours . " 



Sulphides 



{Yielding an odour 
of sulphurous acid. 



ArseniouB acid and the oxides of bismuth and antimony may have 
existed as such in the original substancCi or they may have been formed in 
the operation from the oxidation of their metals or sulphides. 
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(3) — COUUSE OF BLOWPIPE OPEEATIOKS — coiUmiied. 

Expose tlie substance to the inner blowpipe flame on 

Chabcoal. 

If deflagration ensoe, tbe presence of a chlorate or miraie 

is indicated. 





SubMtaneet which are not voiatiSied. 


Subttancm which vobUUUe 




or pan off m vapour. 


Silver, Copper, Bismuth, Lead, Tin, 




Gold, Platinum, Cobalt, Nickel, 


MsRCu&T, Absenic, Cad- 


.Manganese, Iron, Aluminum, Chro- 


mium, Antimont, Zinc, 


MiuM, Barium, Strontium, Calcium, 


Ammonia, Sulphur, and 


Magnesium, Sodium, Potassium, Si- 


Lead partly. 


lica, &c. 


Colour of the different 


Substances which 


Substances 


Substances 


Sublimates. 


yield coloured 


which are 


which fiaCf 


Mercury, 1 


incruMtatioM, 


infiuible,hut 


or run inio 








become 


the 


ZlNC^ 


-White. 


Lead, 1 

• Yellow. 


lumtnottf. 


charcoaL 


Ammonia, 




BlSMUTH,J 


Alumina, 


Salts 


Antimony, white, impart- 




Baryta, 


OF 


ing a fireemsh-blae colour 




Strontia, 


THE FIXED 


to the flame. 




Lime, and 


Alkalies. 




■ 


Magnesia, 




Cadmium, red brown. 




and their 








gaits. 










The following substances impart to the flame 




a characteristic colour : 




Copper . . . deep green. 




Baryta and Boracic Acid, UgM green. 




Strontia . . . deep crimson. 




Lime .... crimson red. 




Potash . . . violet. 






Soda 


. yd 


low. 



XZAMINATION OF 80LIS8. 
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(4)— couBSB OP BLOWPIPE OPERATIONS — cwUinued, 



Mix the substance with 
Carbonate of Soda, and 
expose the mixed mass 
to the inner blowpipe 
flame on Chabcoal/^ 



Oxides and Combinations 
of, Oxides which can be le- 
dnoed to the metalKe MttUe, 

nww!. ^ Character of 
Bismuth • Brittle. 



AJfTIMONT 



SlLYEB 

Tin 
Lkao . 

COPPBR 

Gold . 



Nickel, 
Cobalt, 
Iron, 



Brittle; vola- 
tilises in white 
fumes, yield- 
ing an incrus- 
tation. 

{Malleable ; 
very white. 

. Malleable. 

.Malleable, very. 

Well known 
colours of 
the metals. 

These three 
are rendered 
magnetic, and 
can therefore 
be at once dis- 
tinguishedfrom 
^the rest. 



;{ 



To discover the reduced 
metal, remove the fused 
mass from the charcoal, and 



Heat the substance 
before the blow- 
pipe on Platinum 
WIRE, with a bead 

of BOBAX. 



Substances which give 
coloured beade* 



In the outer fiame, 
' } . . blue. 

Nickel . . reddish^ 



Copper, 
Cobalt 



I&ON . . . yellow. 



Manga- 
nese 



^" } Amethyst. 
Chromium . . green. 



In the inner flame. 
Copper . . . red. 



Cobalt . 

Nickel . 

Iron . . 

Manga- 
nese, 



blue. 



grey- 
green. 



I colourless. 



Chromium . . green. 



Heat the substance 
on Charcoal, with 
the blowpipe flame, 
then moisten it with 
a solution of 
Pbotonitsate of 

Cobalt : 
again strongly heat 
it in the outer flame. 

Substances which 

yield coloured nutsees 

when thus treated. 

Oxide OF \ __„ • 
Zinc ./ »««"• 



" 1 



Alumina, 

Silicic Acid, Vblue. 



Phosphates, ^ 
Magnesia . pink. 

BINOXIDE r *^*'- 

ofTin 1 8^"^®^ 
^' "'^^ L colour. 



grind it up in a small mortar with water; allow it to stand a minute, and then 
pour off the water and the suspended matter in it, and continue to repeat 
the process until the metal remains at the bottom of the mortar, perfectly 
free from charcoal, &c. If it is brittle, it will be in the state of very small 
spangles ; if malleable, it will have adhered to the mortar or pestle, or a 
portion ol it, whilst the rest may be in large spang^. 



15 If the colour of the tabstanot is not altered in the leait bjr ntlphide of ammo- 
nimm, this experiment need not be performed, m all the dilEnent compounds of the 
metals enumerated must be absent. 
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When the student lias completed the different preliminary 
experiments, he will be able to arrange the substance under one 
of the three following divisions. 

a. The solid substance under examination is neither a pure 
metal nor an alloy, and is destitute of organic matter. 

b. The solid substance under examination is neither a pure 
metal nor an alloy, but contains organic matter. 

c. The solid substance under examination is either a pure 
metal or an alloy. 

Each of the three cases just named are separately considered 
under their respective heads. 

THE SOLID SUBSTANCE tJNDEB EXAMINATION IS NEITHEB A 
PUKE METAL NOE AN ALLOY, AND IS DESTITUTE OF 
OBOANIC MATTEB. 

Before a solid can be acted upon by reagents it must be 
brought into a state of solution. For this purpose it is sub- 
mitted to the action of different fluids ; and the one in which it 
dissolves is termed its solvent. The solvents employed in qua- 
litative analysis are water, hydrochloric, nitric and nitro-hydro- 
chloric acids. Water, when it can be employed, is always to be 
preferred. 

The student must particularly guard against adding too much 
of the solvent, especially if it be an acid. To avoid this he 
must add it in small quantities at a time, and apply heat after 
each addition. The substance should, before being submitted to 
the action of solvents, be reduced to the state of a very fine 
powder, and fifteen or twenty grains employed for the analysis. 
The whole of the substance must however never be employed, 
but always a portion kept in case of any unforeseen accident, or 
for confirmatory experiments. 
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I. The powdered substance is bofled in ten times its amount 
of water. It aU disaolves; make the preliminary experiments 
described under the head of Liquids, and then proceed with the 
actual analysis. A portion remains undiswhed; filter a few 
drops of the liquid, and evaporate them to dryness on platiaum 
foil. If a large residue remains on evaporation, the whole of 
the solution must be filtered, and submitted to analysis. The 
insoluble residue, after being well washed with boiling water, 
must be examined according to II. If no residue remains on 
evaporating the aqueous solution, or at all events a very slight 
one, the remainder of the water may be poured o£P and disre- 
garded, and the insoluble substance treated according to II. 

II. The substance, which was partly or entirely insoluble in 
water, is boiled in concentrated hydrochloric add.^^ It all dis- 
solves ; dilute the solution with a small quantity of water, and 
then proceed with the analysis. ^ portion remains undissolved; 
ascertain if anything has dissolved, by evaporating a portion of 
the fluid to dryness on platiuum foil. Should this be the case, 
place the tube, with its contents, on one side, and proceed with 
the next experiment. 

III. A firesh portion of the original substance is boiled in 
concentrated nitric acid. The substance dissolves ;^'^ remove as 

^* If hydrochloric acid causes any effervescence, the evolved gas must be 
examined for carbonic, hydrosulphuric, and hydrocyanic adds, as directed 
under the ** General Properties of the Adds.'' 

^"^ If the substance dissolves with the separation of a Ught-yeUow coloured 
mass of sulphur, it points out the presence of a sulphide. When nitric add 
is employed as the solvent, as much of the firee add as possible ought to be 
removed by evaporation, before passing hydrosulphuric-add gas through 
the solution, as both acids suffier mutual decomposition in the presence of 
each other, the decomposition being attended vrith the separation of a large 
amount of sulphur. 



^^t^^^^m^rmmm^^mmtmm 
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mucli of the free add as possible by evaporation; dilute the 
concentrated solution with water, and then proceed with the 
analysis. It does not dissolve; allow it to settle; pour o£P one 
half the add, add a like quantity of concentrated hydro- 
chloric add, and again boil. K a portion still remains undis- 
solved, jetum to the strong hydrochloric-add mixture ; filter, 
and examine the filtrate, if anything has passed into solution. 
The residue insoluble in adds, after being well washed, must be 
treated according to IV. . . 

rV. The usually occurring substances, which are insoluble in 
water and adds, are the sulphates of baryta, strontia, lime and 
lead, alumina, peroxide of iron and their phosphates, the 
•chlorides of silver and lead, fluoride of caldum, silicates, silica, 
and sulphur. 

A small portion of the residue insoluble in water and acids is 
heated on a slip of platinum foil. K sulphurous add is evolved 
along with the volatilisation of the whole of the substance, 
sulphur only can be present. When other substances are pre- 
sent, add to another small portion a drop of sulphide of ammo- 
nium. If the colour remains white, silver, lead, and probably 
iron, are absent. 

A small quantity of the dry residue, in the state of a very 
fine powder, is mixed with four times its weight of carbonate 
of soda and potash. The mixed mass is placed in a platinum 
crudble,^® and heated over a Berzelius* spirit-lamp for about 
half an hour; or, what is stiQ better, the platinum vessel is 
placed within a Hessian crucible, containing a little carbonate of 

^8 The compounds of the easily reduced metals, such as silver, lead, &c., 
must not be fused in platinum vessels, as they form alloys vdth that metal, 
which greatly injures or altogether destroys the platinum vessel : porcelain 
crudbles must therefore be employed in such cases. 
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magnesia, which is placed there to prevent the platinum from 
coming in contact with the Hessian crucible, and exposed to a 
full red heat, for the same length of time, in a furnace. 

On cooling, the fiised mass is boiled with water, and filtered. 
The filtrate is to be examined for the acids and alumina, the 
residue for the bases. 

Examination qf the JUtrate. To one portion of the filtrate 
add hydrochloric add until the solution is distinctly acid, 
evaporate to dryness, and ignite until add fumes are no longer 
evolved. To the dried mass add dilute hydrochloric add, and 
boil ; if a residue remains, silidc add is present. To the filtrate 
from the silica add ammonia in excess, and then warm the solu- 
tion ; if a predpitate is formed, it must be due either to alumina 
or its phosphate. After having filtered and washed the pre- 
dpitate, examine whether it is soluble in acetic add. In the 
filtrate firom the alumina predpitate, or in the solution which 
has failed to give a predpitate, test for phosphoric add, by 
adding chloride of ammonium, and then sulphate of magnesia. 
Addulate another portion of the original filtrate with hydro- 
chloric add, and examine for sulphuric add, by adding chloride 
of barium. Another portion must be addulated with nitric 
add, and tested for chlorine, by nitrate of silver. To detect 
fluorine, a portion of the original substance must be treated with 
concentrated sulphuric add, in the manner described under the 
head of hydrofluoric add. 

ExaminaMon of the residue. After having removed aU the 
substances soluble in water, by repeated washings, dissolve 
the residue, if lead and silver are absent, in hydrochloric add^ 
and proceed with the analysis in the usual way. K the residue 
does not completely dissolve in the add, and the two metals just 
named are absent, it shows that a portion of the substance has 
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not been decomposed. When this is the case, filter off, and 
examine the filtrate. 

When the fixed alkalies are to be looked for in the insoluble re* 
sidue, another portion, in fine powder, must be mixed with about 
four times its weight of carbonate of baryta, and fused in a pla- 
tinum crucible, in the manner already described. On cooling, the 
fused mass is digested with dilute hydrochloric acid, and filtered. 
The filtrate is evaporated to dryness, and ignited; the dry 
residue must be treated with water, and again filtered. The 
filtrate, after being freed from iron, alumina, baiyta, lime, and 
magnesia, must be evaporated to dryness, to expel the ammo- 
niacal salts which have been employed in their precipitation ; if 
a residue remains it must be examined for potash and soda. 

THE SOLID SUBSTANCE UNDER EXAMINATION IS NEITHER A 
PURE METAL, NOR AN ALLOY, BUT CONTAINS ORGANIC 
MATTER. 

The presence of fixed organic matter ^* interferes with the 
detection of many substances. Thus, in the presence of tartaric 
acid, which is a fixed organic acid, the oxides of aluminum, 
chromium, and iron, and many other metallic oxides, are not 
precipitated by the alkalies. When an inorganic analysis has 
therefore to be performed upon a substance containing organic 
matter, this last must generally be destroyed before the exa- 
mination is attempted. In most cases, this may be accom- 
plished by simply igmting the substance in a porcelain or 
platinum crucible, until all the organic matter has been de- 
stroyed, and afterwards dissolving the residue in water or acids. 
The solution must then be examined in the regular way. A 
separate examination must always be made in an undecom- 

^^ Organic substances are termed jixed when they cannot be distiUed 
or Tolatilised without decomposition. 
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posed portioD, for the salts of ammonia, mercaiy, arsenic, and 
antimony, as these substances might be entirely volatilised by 
the heat employed to destroy the organic matter. 

Sometimes we are obliged to have recourse to the following 
method for destroying the organic matter, espedaUy in the case 
of solutions which have to be examined for poisons. The soM 
substance or solution is boiled with concentrated hydrochloric 
add, to which chlorate of potash, in powder, is added gradually 
until the mixture becomes perfectly fluid; the solution is then 
heated until all free chlorine is evolyed ; after which it is diluted 
with water and filtered. The filtrate must be examined in the 
regular way. The residue must be examined for chloride of 
silver. 



THE SUBSTANCE UNDER EXAMINATION IS A FUBE METAL OB 

AN ALLOY. 

Nitric add behaves with metals in the following manner. 
Gold and platinum are neither dissolved nor altered in the least 
degree by it. Tin and antimony are converted by nitric add 
into oxides, which do not dissolve in, or combine with, an excess 
of the add. The other metals are oxidised and converted by 
it into soluble nitrates. On account of the different behaviour 
therefore which nitric add exhibits with the metals, it is usual to 
employ it as the solvent of alloys. Sec. 

To the metal or alloy under examination, which is placed in a 
small flask, is added concentrated nitric add and heat applied. 
One of the three following cases will then occur — 1. Complete 
solution takes place. 2. A white insoluble substance separates. 
3. A metalHc residue remains. Each of the three cases are 
considered separately in detail. 

1. ^ complete solution ensues, gold, platinum, tin, and 
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ANTIMONY must be absent. After lemoviiig the greater part of 
the free add by evaporation dilute the solution with water,^ and 
proceed with the analysis in the regular way. Mercury if present 
will be found in the state of peroxide. 

%. Jf a white insoluble substance separates^ tin and antimony 
are indicated. After removing the greater part of the free acid 
by evaporation, dilute the solution with water, filter, and proceed 
with the filtrate in the ordinary way. The precipitate after being 
well washed with water, is treated with a hot concentrated solution 
of tartaric add. K it all dissolves, tin is absent. The presence 
of ANTIMONY is confirmed by hydrosulphuric add producing in 
the tartaric-add solution, to which hydrochloric add has been 
added, an orange-red predpitate. K the whole of the insoluble 
substance does not dissolve in tartaric add, the solution is filtered. 
The filtrate is examined for antimony by the method just stated. 
The residue after being well washed is mixed with carbonate 
of soda and cyanide of potassium, and exposed on a charcoal 
support to the inner blowpipe flame. If tin is present, ductile 
metallic grains wiU be obtained. 

3» ^f a fnetaUic residue remains, gold and platinum are 
indicated. After removing the greater part of the free add by 
evaporation, dilute the solution with water, filter, and examine 
the filtrate in the usual way. The metallic residue is dissolved 
in aqua regia. One portion of the solution is tested for oold by 
means of protosulphate of iron. The other portion is tested for 
platinum by means of chloride of potassium. 

^ If the solution becomes turbid, on the addition of water, it indicates 
the presence of bismuth. 
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AkBANGEMENT of the S.ESTJLTS OF THE ANALYSIS. 

The student, duiing the course of his analytical studies, ought 
invariably to record the results of each analysis, in his note-book, 
in a systematic and tabular form. An illustration is given to 
show the method to be pursued. 



FBELIMINABY EXAMINATION OF A SOLID SUBSTANCE. 

1. It is a colourless crystalline substance; probably a salt. 

2. Heated alone, on charcoal, it deflagrates, a white infusible 
substance remaining behind, which becomes luminous, and iid- 
parts a crimson colour to the flame, probably strontia. 

3. Soluble in water; the solution is neutral to test-paper. 

The preliminary experiments indicate therefore the presence of 
nitrate of strontia. 
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Examination fob Acids. 

The following acids, viz., C Of, H S, As Og, As Oj, and Cr Oj, 
were proved to be absent on the examination for the bases. 

The remamder of the adds, which give precipitates with a 
salt of baryta, could not be present ; as they likewise form, with 
strontia, insoluble salts. 

Added to a portion of the original solution Ag O, N Ot, no 
precipitate ; absent CI, Cy, Br, and I. 

Added to another portion H O, S Os, and copper turnings, 
nitrous fumes were evolved, showing the presence of nitric 
add. 

The examination for chloric add yielded a negative result. 
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